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Abstract
This work aims to explore risk factors for ischemic stroke in young adults and analyze the Traditional Vascular Risk Factors Model
based on age, hypertension, diabetes, smoking history, and drinking history. Further, the Lipid Metabolism Model was analyzed
based on lipoprotein a [LP (a)], high-density lipoprotein (HDL), low-density lipoprotein (LDL), apolipoprotein AI (apo AI), apolipoprotein
B (apo B), and the Early Renal Injury Model based on urinary microalbuminuria/creatinine ratio (UACR). Besides, we estimated
glomerular filtration rate (eGFR), cystatin C (Cys-C), homocysteine (Hcy), b2 microglobulin (b2m), and validated their predictive
efficacy and clinical value for the development of ischemic stroke in young adults.
We selected and retrospectively analyzed the clinical data of 565 young inpatients admitted to Zhejiang Provincial Hospital of

Chinese Medicine between 2010 and 2020, 187 of whom were young stroke patients. A single-factor analysis was used to
analyze the risk factors for stroke in young people and developed a traditional vascular risk factors model, a lipid metabolism
model, and an early kidney injury model based on backpropagation (BP) neural networks technology to predict early stroke
occurrence. Moreover, the prediction performance by the area under the receiver operating characteristics (ROC) curve (AUC)
was assessed to further understand the risk factors for stroke in young people and apply their predictive role in the
clinical setting.
Single-factor analysis showed that ischemic stroke in young adults was associated with hypertension, diabetes, smoking

history, drinking history, LP(a), HDL, LDL, apo AI, apo B, eGFR, Cys-C, and b2m (P< .05). The BP neural networks
technique was used to plot the ROC curves for the Traditional Vascular Risk Factors Model, the Lipid Metabolism Model,
and the Early Kidney Injury Model in enrolled patients, and calculated AUC values of 0.7915, 0.8387, and 0.9803,
respectively.
The early kidney injury model precisely predicted the risk of ischemic stroke in young adults and exhibited a certain clinical value as

a reference for morbidity assessment. Whereas the prediction performance of the Traditional Vascular Risk Factors Model and the
Lipid Metabolism Model were inferior to that of the early kidney injury model.

Abbreviations: b2m = b2 microglobulin, apo AI = apolipoprotein AI, apo B = apolipoprotein B, AUC = area under the receiver
operating characteristics curve, BP = backpropagation, Cys-C = cystatin C, eGFR = estimated glomerular filtration rate, Hcy =
homocysteine, HDL = high-density lipoprotein, LDL = low-density lipoprotein, LP (a) = lipoprotein a, ROC = receiver operating
characteristics, UACR = urinary microalbuminuria/creatinine ratio.
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1. Introduction

Ischemic stroke in young adults is an increasingly prevalent type
of stroke in clinical practice, characterized by a high rate of
disability and a long life expectancy. Globally, there is an
incidence of 2 million young stroke patients annually,[1]

accounting for 5% to 15% of all strokes.[2] A large cohort
study originating in the Netherlands revealed that the incidence
of ischemic stroke in young adults increased by almost 50%
between 1998 and 2010.[3] Although this group represents only a
small fraction of the stroke population, the psychosocial and
economic burden of any chronic or devastating disease in this
particular group has a significant impact and adversely affect the
development of society, specifically in the developing world. In
terms of lifelong dependency and disability, the consequences of
ischemic stroke in young adults are enormous. Evidence has
shown that only 40% of young stroke victims can resume their
former occupation, while about a third can never return to work.
At the same time, the relative rarity of ischemic stroke in young
adults appear to delay diagnosis and often brings hurdles in the
search for its cause.[4] Notably, ischemic stroke in young adults is
not caused by a single factor, but rather by a combination of
factors. As such, it is important to analyze the risk factors for
ischemic stroke in young adults to help predict and prevent the
onset of ischemic stroke in young adults. BP neural networks, a
growing data mining algorithm, can mine implicit information
among data and optimize model performance by adjusting the
weight distribution among variables.We explored risk factors for
ischemic stroke in young adults using BP neural networks
analysis to develop a traditional vascular risk factor model, a
lipid metabolism model, and an early kidney injury model. Also,
we assessed predictive efficacy by area under the receiver
operating characteristics curve (AUC).
2. Methods

2.1. Study subjects

A retrospective observational design was used for this study. A
total of 565 young inpatients (18� age �45years) were enrolled
from Zhejiang Provincial Hospital of Chinese Medicine between
January 2010 and March 2020. Out of these, 312 were males
while were 253 females, with a mean age of 36years. Besides, 187
were young stroke patients while 378 were non-young stroke
patients. Themean age of the 2 groups of patients in each physical
and chemical index was comparable by t-test with no significant
differences. The inclusion criteria were:
1.
 18� age �45years;

2.
 met the diagnostic criteria for acute ischemic stroke;

3.
 presence of new infarction confirmed by cranial magnetic

resonance imaging (MRI);

4.
 time from onset to hospital admission �7days.

On the other hand, the exclusion criteria included:
1.
 incomplete medical history or physical and chemical param-
eters;
2.
 coexistence of chronic inflammatory reactions, malignancies;

3.
 pregnant or lactating women;

4.
 participation in other clinical trials.

The study was approved by the Ethics Review Committee of
Zhejiang Provincial Hospital of Chinese Medicine (Ethics
approval number: 2020-KL-117-02).
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2.2. Data collection and definition

Information on young inpatients was obtained by reviewing
medical records, among them: general information; clinical
symptoms; and physical and chemical information collections:
blood parameters such as blood routine, biochemistry, coagula-
tion, lipids, and early kidney injury (The physical and chemical
parameters of blood were collected and tested by the Laboratory
of Zhejiang Provincial Hospital of Chinese Medicine). Data were
collected from all admissions and patients were included in the
stroke group when they were diagnosed with acute ischemic
stroke based on their discharge diagnosis, otherwise they were
included in the non-stroke group. The estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration formula.[5]
2.3. Statistical analysis

Microsoft Excel (Microsoft 365, 2020) was used for data entry,
and after proofreading, the data was imported into the Excel
database. Statistical analysis was performed using R program-
ming language (version 3.5.0). The counting data were tested by a
Chi-Squared test. The enumeration data were compared by x2

tests, while measurement data were compared by the independent
sample t-test between 2 groups. Non-parametric tests were
performed for non-normal distribution data. A BP neural
network model was used for prediction, and the closer the R2
to 1, the better the fit. The value of the BP neural networks model
for predicting the occurrence of ischemic stroke in young adults
was evaluated using the ROC curve. The AUC comparisons were
made using non-parametric tests. P values <.05 were considered
significant.
3. Results

3.1. The risk factors for ischemic stroke in young adults

A total of 565 young inpatients were enrolled in the study,
including 187 young stroke patients and 378 non-young stroke
patients. Single-factor analysis showed that ischemic stroke in
young adults was related to hypertension, diabetes, smoking
history, drinking history, lipoprotein a [LP(a)], high-density
lipoprotein (HDL), low-density lipoprotein (LDL), apolipopro-
tein AI (apo AI), apolipoprotein B (apo B), eGFR, cystatin C (Cys-
C), and b2m (P< .05), but not with urinary microalbuminuria/
creatinine ratio (UACR) (P= .058) andHcy (P= .116) (Figs. 1–3).
3.2. BP neural networks model building

The BP neural networks model were entered with the occurrence
of ischemic stroke in young adults as the dependent variable
(assignment: yes=1, no=0) and the variables set by each model
as independent variables [assignment of categorical variables:
yes=1, no=0; standardized formulas were applied to the
enumeration data, and all input layer covariates were normalized
to the (0, 1) interval]. The traditional vascular risk factor model
represents a BP neural networks model with an implied layer of 3,
which predicts the data with an accuracy of 63.27%. The Lipid
Metabolism Model depicts a BP neural networks model with an
implied layer of 3, which predicts the data with an accuracy of
76.17%; the early kidney injury model represents a BP neural
networks model with an implied layer of 5, which predicts the
data with an accuracy of 82.80% (Table 1).



Figure 1. Correlation between risk factors and stroke in young adults in traditional vascular risk factor model.
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3.3. Comparison of the predictive values of three models

The AUC values for the traditional vascular risk factor model, the
lipid metabolism model, and the early kidney injury model were
0.7915, 0.8387, and 0.9803, and the differences were statistically
significant for all three models (Table 2, Fig. 4).

4. Discussion

Ischemic stroke in young adults is becoming increasingly
prevalent in clinical practice. There are at least 1.5 million
new young stroke patients across the globe each year. Its
incidence is annually increasing hence having a huge impact on
the productivity and life expectancy of patients. Of note, this
trend poses a huge threat to social and economic stability.
Nevertheless, ischemic stroke in young adults is not caused by a
single factor, but rather a combination of factors that multiply the
risk.[6] Therefore, it is essential to analyze the risk factors
associated with ischemic stroke in young adults geared towards
predicting and preventing this type of stroke.
BP neural networks,[7] also known as backpropagation neural

networks, is a multilayered feedforward neural networks in the
artificial neural networks, which is the most representative and
extensive. BP neural networks mine implicit information within a
dataset to optimize model performance by adjusting the weight
distribution of the variables. In this paper, we explored the risk
factors for ischemic stroke in young adults and utilized BP neural
networks analysis to develop the traditional vascular risk factor
Figure 2. Correlation between risk factors and stroke in young adults in lipid
metabolism model.
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model, the lipid metabolism model, and the early kidney injury
model. Additionally, the predictive efficacy in areas under the
ROC curve (AUC) was assessed. Our data revealed that ischemic
stroke in young adults was associated with hypertension,
diabetes, smoking history, drinking history, LP(a), HDL, LDL,
apo AI, apo B, eGFR, Cys-C, and b2m, but not with UACR and
Hcy. The accuracy of the traditional vascular risk factor model,
the lipid metabolism model, and the early renal injury model was
63.27%, 76.17%, and 82.80%, with AUC values of 0.7915,
0.8387, and 0.9803 respectively. Notably, the early kidney injury
model exhibited higher fidelity, better agreement with actual
observations, and more reliable predictions.
The importance of traditional vascular risk factors for ischemic

stroke in young adults was evident. The increased prevalence of
traditional risk factors including hypertension and diabetes
mellitus in the young population has been explored in numerous
studies[8] and coincides with an increase in hospitalization rates
for young stroke patients. Also, the prevalence of the traditional
vascular risk factors for ischemic stroke in young adults is almost
double that of the general population.[9] The present study
suggests that among the traditional vascular risk factors,
hypertension and diabetes were the primary risk factors for
ischemic stroke in young adults. This was in line with the findings
of Shahid et al.[10] Hypertension can be directly or indirectly
implicated in the formation of atherosclerotic plaque through
vascular endothelial injury, secretion of vasoactive substances,
Figure 3. Correlation between risk factors and stroke in young adults in early
kidney injury model.
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Table 1

Prediction of the training set samples with the BP neural networks
model.

Observed value

Predicted value Stroke (+) Stroke (�) Total

Traditional Vascular Risk Factors Model (+) 106 41 147
Traditional Vascular Risk Factors Model (�) 79 315 394
Lipid Metabolism Model (+) 19 1 20
Lipid Metabolism Model (�) 12 22 34
Early Renal Injury Model (+) 23 1 24
Early Renal Injury Model (�) 0 20 20

Chen et al. Medicine (2021) 100:11 Medicine
and inflammatory reactions, which leads to ischemic stroke in
young adults. Diabetes mellitus triggers the formation of
advanced glycation end-products (AGEs), insulin resistance,
and abnormal polyol metabolism, which in turn causes
microvascular and macrovascular pathologies. Chronic hyper-
glycemia causes disorders of glucose and lipid metabolism, and
increases blood viscosity, thereby aggravating vascular endothe-
lial cell damage and accelerating the development of atheroscle-
rosis. In total, 50% to 70% of people diagnosed with diabetes
eventually become disabled or die from atherosclerosis of the
heart, cerebral vessels, or peripheral arteries. Furthermore, our
prediction model based on traditional risk factors showed
positive predictive power for ischemic stroke in young adults.
However, this is often at the disadvantage of misreporting or
concealing patient history, hence, this work aimed to further
identify more precise and better predictive models.
Increasingly recent epidemiological evidence supported the

role of abnormal lipid metabolism in increasing the risk of
ischemic stroke.[11] Apo B promotes the phagocytosis of oxidized
LDL by monocytes or macrophages, thereby promoting the
formation of foam cells. Therefore, Apo B promotes atheroscle-
rosis hence promoting thrombosis and increasing the risk of
ischemic stroke.[12] In line with the known literature,[13,14] we
also found that Apo Bwas a greater risk factor for ischemic stroke
in young adults. Whereas HDL and Apo AI played a protective
role in the development of ischemic stroke in young adults.
Studies have shown that HDL plays a vital role in stopping the
development and progression of atherosclerotic plaque forma-
tion by primarily protecting the vascular endothelium, preventing
oxidation, and fighting inflammation. HDL reduces the forma-
tion of atherosclerotic plaque by transporting cholesterol in a
reverse direction,[15] which in turn reduces the incidence of
stroke. Similarly, Apo AI, present in HDL, maintains the HDL
structure, is produced by the small intestine and liver, recognizes
receptors on tissue cells, promotes lipid transport, regulates
enzyme activity, and binds lipoproteins to cell membrane
Table 2

Predictive value of the BP neural networks model for stroke in youn

Models
Correct
rate (%)

Sensitivity
(%)

Specificity
(%)

Youden
index (%)

Po

Traditional Vascular Risk
Factors Model

63.27 57.30 88.48 45.78

Lipid Metabolism Model 76.17 61.29 95.65 56.94
Early Renal Injury Model 82.80 100.00 95.24 95.24
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receptors. Moreover, it activates the transport of lecithin
cholesterol acyltransferase (LCAT) as well as break down
cholesterol.[16] In addition, Apo AI inhibits LDL oxidation,
regulates inflammatory response, promotes cholesterol outflow
from the arterial blood vessel wall, and fights atherosclerosis. The
lipid metabolism model we developed also demonstrated better
accuracy compared to traditional vascular risk factor models.
Notably, Cys-C showed a dramatic effect on ischemic stroke in

young adults. Cys-C is a protein that passes freely within the
glomerulus and is not reabsorbed by tubular epithelial cells, and
is a reliable indicator of glomerular filtration capacity.[17] Studies
have shown that high serum concentrations of Cys-C are
implicated in arterial stenosis and atherosclerotic plaque
formation[18] and are associated with an increased risk of
stroke.[19] Nevertheless, Hcy showed a protective effect against
ischemic stroke in young adults in our analysis. This contradicted
numerous known studies that have been conducted on the effects
of Hcy on stroke risk. We believe this was since the non-stroke
group of patients were also inpatients in Zhejiang Provincial
Hospital of Chinese Medicine and were relatively unrepresenta-
tive causing errors in Hcy levels. Here, we found that the early
kidney injury model was more accurate compared to the
traditional vascular risk factor model and the lipid metabolism
model in predicting ischemic stroke in young adults. Previous
works[20] demonstrated that the vasculature of the brain and
kidney has similar hemodynamics and that the mechanisms of
vascular regulation in both have some similarities. Both organs
have low vascular resistance, thereby allowing continuous
perfusion of blood at high volumes, and both are target organs
for the pathological process of atherosclerosis, which are both
highly similar high-risk factors for endothelial injury.[21] Early
renal damage is characterized by disorders and abnormalities of
glomerular endothelial cell function. On the other hand,
cerebrovascular damage is caused by endothelial cell dysfunction,
ischemic atherosclerosis, hypoperfusion, and disruption of the
blood-brain barrier, both of which are characterized by lesions in
small arteries. Small blood vessels are susceptible to lipid hyaline
degeneration and endothelial dysfunction under the long-term
influence of certain high-risk factors, and these pathological
changes underlie cerebrovascular pathology and renal vascular
injury. When the kidneys are damaged, disturbances in lipid
metabolism and chronic inflammatory processes accelerate the
formation of atherosclerosis thus increasing the risk of ischemic
stroke in young adults.
This was a single-centered, retrospective, and observational

study with a small sample size and patients restricted to Zhejiang
Provincial Hospital of Chinese Medicine. These findings require
further multi-centered, large-sample, prospective studies to
establish whether eGFR, Cys-C, and b2m as targets of
intervention improve the prediction and prevention of ischemic
g adults.

sitive Likelihood
Ratio (%)

Negative Likelihood
Ratio (%)

AUC
(95% CI) P Value

497.51 48.26 0.7915 (0.7498–0.8333) <.0001

1409.68 40.47 0.8387 (0.7367–0.9407) <.0001
2100.00 0.00 0.9803 (0.9398–1.000) <.0001



Figure 4. ROC curves of the BP neural networks model for stroke in young
adults.
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stroke in young adults. The study has the following limitations.
First, the results of blood and urine specimens were only the
results of specimens at a single time point after admission.
Secondly, the treatment administered to patients by physicians
might cause acute kidney injury, which might then influence
model building and the findings. Thirdly, 92 patients were
excluded from the analysis due to missing information. Besides,
despite controlling several potential confounders, the possibility
of residual uncontrolled confounding was a concern given the
design of the study. Also, the performance of the BP neural
networks model has generally been recognized in the medical
field. However, its selection of input variables, parameter
estimation of weighting coefficients and hypothesis testing, as
well as medical interpretation of predictor variables needs
improvement. We propose animal studies should be conducted to
investigate the role and mechanism of early renal injury in
cerebrovascular disease. Moreover, whether reducing early renal
injury prevents ischemic stroke in young adults remains to be
exposed.
5. Conclusion

In conclusion, our findings reveal that the early kidney injury
model accurately predicts the risk of stroke in young stroke
patients, and has a certain clinical value as a reference for the
assessment of ischemic stroke in young adults. Moreover, its
predictive power is more robust compared to the traditional
vascular risk factor model and the lipid metabolism model. In
clinical practice, the renal status of young patients at high risk of
stroke should be timely noted to make timely adjustments for
treatment options and better address the risk factors and causes
of ischemic stroke in young adults. This is essential for the
prevention of future strokes.
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