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Background and objectives: Stroke is the most common cause of disability

and the second cause of death worldwide. Therefore, there is a need to

identify patients at risk of developing stroke. This case-control study aimed

to create and verify a gender-specific genetic signature-based nomogram to

facilitate the prediction of ischemic stroke (IS) risk using only easily available

clinical variables.

Materials and methods: A total of 1,803 IS patients and 1,456 healthy controls

from the Liaoning province in China (Han population) were included which

randomly divided into training cohort (70%) and validation cohort (30%)

using the sample function in R software. The distribution of the pri-let-7f-

2 rs17276588 variant genotype was analyzed. Following genotyping analysis,

statistical analysis was used to identify relevant features. The features identified

from the multivariate logistic regression, the least absolute shrinkage and

selection operator (LASSO) regression, and univariate regression were used

to create a multivariate prediction nomogram model. A calibration curve was

used to determine the discrimination accuracy of the model in the training

and validation cohorts. External validity was also performed.

Results: The genotyping analysis identified the A allele as a potential risk

factor for IS in both men and women. The nomogram identified the

rs17276588 variant genotype and several clinical parameters, including age,

diabetes mellitus, body mass index (BMI), hypertension, history of alcohol use,

history of smoking, and hyperlipidemia as risk factors for developing IS. The

calibration curves for the male and female models showed good consistency

and applicability.
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Conclusion: The pri-let-7f-2 rs17276588 variant genotype is highly linked to

the incidence of IS in the northern Chinese Han population. The nomogram

we devised, which combines genetic fingerprints and clinical data, has a lot of

promise for predicting the risk of IS within the Chinese Han population.

KEYWORDS

ischemic stroke, pri-microRNA, pri-let-7f-2, single nucleotide polymorphism (SNP),
rs17276588, case-control study, predictors, nomogram

Introduction

Stroke is the most common cause of disability and the
second cause of death worldwide (1, 2). However, in China,
stroke is the leading cause of disability and death (3, 4). The most
common type of stroke is ischemic stroke (IS) which accounts
for 70% of all cases (5). The long-term disability caused by stroke
has a substantial socioeconomic impact (6). As a result, there is
a need to develop reliable IS risk prediction tools that could be
used to monitor high-risk patients to reduce the incidence of IS
and improve treatment outcomes.

Since the traditional IS risk factors, such as age, gender,
hypertension, and diabetes mellitus, other fail to predict the
disease adequately, various previous studies have evaluated
the role of genetic factors in predicting the disease (7). For
example, some studies have shown that the single nucleotide
polymorphism (SNP) within the primary (pri-), precursor, and
mature micro-ribonucleic acid (miRNAs) can influence the
target selection or the expression level of miRNAs leading to
an increased risk of developing IS (8–11). Let-7f, a member
of the let-7 family, is a highly conserved within the human
miRNA in sequence and function (12). The let-7f genes are
involved in several biological processes, such as atherosclerosis,
angiogenesis, neuroinflammation, and endothelial function,
which play important roles in the pathological process of
IS. Furthermore, the let-7f antagonist was associated with
neuroprotective properties in IS (13). In particular, the pri-
let-7f-2 rs17276588 polymorphism on the X-chromosome was
found to increase the risk of developing several diseases,
including colorectal cancer and metabolic syndrome (MetS),
and may also have a role in the development of IS (14, 15).
However, the relationship between the pri-let-7f-2 rs17276588
polymorphism and IS risk has not been reported. Therefore,
there is a need to identify whether this gene could be used
as a novel predictive target for IS in combination with other
established clinical risk factors.

Nomograms are statistical techniques that are often used to
develop risk prediction models for the development of specific
diseases and can be applied to quantify an individual’s risk of
developing IS (16–18). Therefore, this study aimed to perform

a case-control study to evaluate the role of the pri-let-7f-
2 rs17276588 polymorphism in predicting IS in both males
and females. This genomic model was combined with other
known clinical risk factors to develop a gender-specific, genetic
signature-based nomogram for predicting IS.

Materials and methods

Data collection

There were 1,858 men and 1,401 women in our age-matched
sample. From December 2013 to December 2016, patient data
were collected at the First Affiliated Hospital of China Medical
University. The eligibility criteria for both patients and controls
were defined as per our previously published studies (8–10) and
are illustrated in Figure 1.

Ethical considerations

Written informed consent was obtained from all patients
enrolled in this study. This study was approved by the
Institutional Ethical Committee of the First Affiliated Hospital
of China Medical University on February 20, 2012 (No. 2012-
38-1), and it was carried out in accordance with the declaration
of Helsinki. The protocol was submitted to the Chinese Clinical
Trial Registry (registration number: ChiCTR-COC-17013559).

Single nucleotide polymorphism
selection and genotyping

The University of California, Santa Cruz (UCSC) genome
browser1 and the SNP database (dbSNP)2 were used to find the
relevant SNPs. The SNPs were included if they were situated

1 http://genome.ucsc.edu/

2 https://www.ncbi.nlm.nih.gov/snp/
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FIGURE 1

Patient and controls enrollment flowchart. (NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale).

−1 kb upstream of the pri-let-7f-2 on the X chromosome,
had a minor allele frequency above 0.1 in the Han Chinese
population, and were identified as possible functional SNPs
by the National Institute of Environmental Health Sciences’
SNP function prediction (FuncPred) program.3 One relevant
SNP, rs17276588, was discovered at −183 bp upstream of the
pri-let-7f-2 on the X chromosome (Table 1).

The DNA purification kit Promega (Madison, WI, USA),
was used to extract genomic DNA from the peripheral blood,
and the SNaPshot reaction was done as previously described
(8–10). The genotyping analysis was done using the SNaPshot
Multiplex kit (Applied Biosystems Co., Ltd., Foster City,

3 https://manticore.niehs.nih.gov/snpinfo/snpfunc.html

CA, USA). The ABI 3130XL DNA sequence detector and
GeneMapper 4.0 were used to analyze the data (Applied
Biosystems Co., Ltd.).

Statistical analyses

Computer-generated random numbers were used to assign
patients to the training or validation cohorts in a 7:3 ratio.
Variations in the distribution of the demographic variables,
risk factors, and allele genotypes between the patient and
control groups were assessed using the Pearson’s chi-square (χ2)
test. The Hardy-Weinberg equilibrium (HWE) was tested for
each genotype using the goodness-of-fit χ2-test. The frequency
distribution of the categorized parameters was compared
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TABLE 1 Characteristics of the rs17276588 single nucleotide polymorphism (SNP) selected for the study.

SNP ID Gene Chr Genomic location Genic position Alleles (major/minor) MAF

rs17276588 pri-let-7f-2 x 53601143 5-near G/A 0.27

MAF, minor allele frequency.

TABLE 2 Clinical and demographic characteristics of the patients in the training and validation cohorts.

Characteristics Training cohort
(n = 2445)

Validation cohort
(n = 814)

P-value

Male, n (%) 1,394 (57.0) 464 (57.0) 0.984

Age (≤60/>60) 933 (38.2) 322 (39.6) 0.121

BMI (≤22.9/>22.9) 1,093 (44.7) 383 (47.1) 0.261

Diabetes mellitus, n (%) 584 (23.9) 185 (22.7) 0.531

Hypertension, n (%) 1,308 (53.5) 451 (55.4) 0.344

History of smoking, n (%) 858 (35.1) 317 (38.9) 0.052

History of alcohol use, n (%) 412 (16.9) 158 (19.4) 0.107

Hyperlipidemia, n (%) 1,082 (44.3) 324 (39.8) 0.053

HW pval HW pval HW pval

rs17276588 G→A (n = 2445) (n = 814) (n = 3259)

0.99 0.8571 0.95

BMI, body mass index.

TABLE 3 Allele and genotype frequencies of rs17276588 polymorphism among ischemic stroke (IS) cases and controls their impact on the risk of
developing ischemic stroke (IS).

SNP Cases Percent (%) Controls Percent (%) OR (95% CI)*a P-valueb

Males

G(ref) 391 51.4 540 85.2 ref (–)

A 369 48.6 94 14.8 4.654 (3.536–6.126) <0.001

Females

GG(ref) 249 42.7 365 78 ref (–)

GA 288 49.4 91 19.4 4.542 (3.410–6.065) <0.001

AA 46 7.9 12 2.6 5.205 (2.669–10.153) <0.001

Dominant model GA + AA vs. GG 4.618 (3.498–6.095) <0.001

Recessive model AA vs. GA + GG 2.965 (1.533–5.733) 0.001

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval. *ORs and 95% CIs were calculated by logistic regression. a,bAdjusted OR (95%CI) and P-value, adjusted for
age, BMI, diabetes mellitus, hypertension, history of smoking, history of alcohol use and hyperlipidemia (BMI, body mass index).

between the training and validation cohorts using the χ2 test
or the Fisher exact test. The optimal predictive clinical and
genomic risk variables for IS were identified using the least
absolute shrinkage and selection operator (LASSO) method (19,
20). The odds ratios (OR) at a 95 percent confidence interval
(CI) for each of the IS risk features were calculated using
univariate and multivariate logistic regression methods.

The sociodemographic variables were included in the
nomogram if the multivariate logistic regression model resulted
in a p-value smaller than 0.05. The clinical features were
combined with the risk factors identified using the LASSO
regression, univariate and multivariate logistic regression
analyses, and incorporated into the nomogram (21–23). Points

were assigned to the nomogram by drawing a vertical line
from each predictor-associated value to the axis points. The
total sum of the assigned points for each predictor was
calculated. All potential predictors were utilized to construct the
predictive IS risk model.

The discrimination and calibration of the nomogram
were assessed using Harrell’s concordance index (C-index)
and calibration curves. The C-index was corrected using
bootstrapping validation (1,000 bootstraps resamples) (24).
In addition, the optimal cutoff point of the area under the
curve (AUC) of a receiver operator characteristics (ROC) curve
was also calculated. A calibration plot with 1,000 bootstraps
resamples was used to test the calibration of the model.
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FIGURE 2

The pri-let-7f-2 mRNA secondary structures. Two 601-nt long pri-let-7f-2 DNA sequences centered on the rs17276588 polymorphism were
inserted into the rs17276588- G (A) and rs17276588- A allele (B) RNA fold. The minimum free values (MAF) and figures were obtained from the
RNA fold online tool (http://rna.tbi.univie.ac.at).

A decision curve analysis was used to measure the net
benefits at different threshold probabilities in the IS cohort (25).
The net benefit was estimated by removing all false positive
predictions and by evaluating the repercussions of avoiding
interventions versus the negative effects of an unnecessary
intervention (26). The nomogram was externally validated (27).

All statistical tests were carried out using the R statistical
software (Version 3.1.14), and a two-sided p-value below 0.05
was deemed statistically significant.

Results

Basic characteristics of the study
subjects

A total of 1,858 male (training cohort: 1,394 and validation
cohort: 464) and 1,401 female (training cohort: 1,051 and
validation cohort: 350) participants were included in the
study. The fundamental characteristics of the IS patients and
controls, as well as IS risk factors, are outlined. The findings

4 https://www.R-project.org

of the univariate analysis are summarized in Supplementary
Tables 1A,B. The univariate analysis revealed no significant
difference between the training and validation cohorts (Table 2
and Supplementary Tables 2A,B).

Association between the pri-let-7f-2
polymorphism and ischemic stroke

Since the locus of the pri-let-7f-2 gene is on the
X chromosome, the allele and genotype frequencies of
the rs17276588 polymorphisms were studied in both sexes
separately, as shown in Table 3. The findings of the genotype
analysis in the male population revealed that the A allele
significantly increased the risk of developing IS when compared
with the G allele (OR = 4.454, CI = 3.536–6.126, p < 0.001).
In the female population, both the AA genotype (OR = 5.205,
CI = 2.669–10.153, p < 0.001) and GA genotype (OR = 4.542,
CI = 3.410–6.065, p < 0.001) significantly increased the risk of
developing IS when compared with the reference GG genotype.
The A allele significantly increased the risk of developing IS in
both dominant (OR = 4.618, CI = 3.498–6.095, p < 0.001) and
recessive (OR = 2.965, CI = 1.533–5.733, p = 0.001) forms.
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TABLE 4A Multivariate logistic regression analysis for the ischemic stroke (IS) risk factors among the male population.

Intercept and variables Prediction model

β OR (95% CI) P-value

Intercept −1.370 0.254 (0.194–0.331) < 0.001

Age (≤60/>60) 0.125 1.134 (0.884–1.455) 0.324

BMI (≤22.9/>22.9) 0.289 1.335 (1.050–1.699) 0.018

Diabetes mellitus 0.646 1.907 (1.425–2.563) < 0.001

Hypertension 0.758 2.134 (1.668–2.733) < 0.001

History of smoking 0.246 1.279 (0.953–1.716) 0.101

History of alcohol use 0.265 1.303 (0.910–1.871) 0.149

Hyperlipidemia 0.515 1.674 (1.319–2.128) < 0.001

rs17276588 AA vs. GG 1.538 4.654 (3.548–6.150) < 0.001

β is the regression coefficient. BMI, body mass index.

TABLE 4B Multivariate logistic regression analysis for the ischemic stroke (IS) risk factors among the male population.

Intercept and variables Prediction model

β OR (95% CI) P-value

Intercept −0.873 0.418 (0.309–0.561) < 0.001

Age (≤60/>60) 0.095 1.100 (0.837–1.444) 0.495

BMI (≤22.9/>22.9) 0.288 1.334 (1.022–1.742) 0.034

Diabetes mellitus 0.224 1.251 (0.907–1.729) 0.174

Hypertension 0.437 1.549 (1.177–2.039) 0.002

History of smoking 0.031 1.032 (0.754–1.411) 0.846

History of alcohol use 0.200 1.221 (0.841–1.777) 0.295

Hyperlipidemia 0.022 1.022 (0.777–1.345) 0.874

rs17276588 AG vs. GG 1.513 4.542 (3.413–6.088) < 0.001

rs17276588 AA vs. GG 1.650 5.205 (2.751–10.585) < 0.001

β is the regression coefficient. BMI, body mass index.

Predicted second structure of the
pri-let-7f-2 mRNAs

The RNA fold online tool5 was used to predict the
minimum free energy (MFE) required to change the pri-let-
7f-2 rs17276588 mutation to the local secondary structure of
the pri-let-7f-2 mRNA. When the nucleotide at the pri-let-7f-2
rs17276588 locus changed from G to A, the MFE changed from
−172.7 kcal/mol to−172.6 kcal/mol (Figure 2).

Development of an individualized
prediction model

The multivariate logistic regression findings for the IS risk
factors are summarized in Tables 4A,B. In the male population,
a body mass index (BMI) above 22.9 kg/m2 [OR, 1.335 (95%

5 http://rna.tbi.univie.ac.at

CI, 1.050–1.699); p = 0.018], diabetes mellitus [OR, 1.907 (95%
CI, 1.425–2.563); p < 0.001], hypertension [OR, 2.134 (95%
CI, 1.668–2.733); p < 0.001], hyperlipemia [OR, 1.674 (95%
CI, 1.319–2.128); p < 0.001], and rs17276588 [AA versus GG;
OR, 4.654 (95% CI, 3.548–6.150); p < 0.001] were identified
as independent predictors for IS (Table 4A). In the female
population, a BMI above 22.9 kg/m2 [OR, 1.334 (95% CI,
1.022–1.742); p = 0.034], hypertension [OR, 1.549 (95% CI,
1.177–2.039); p = 0.002], and rs17276588 [GA versus AA;
OR, 4.542 (95% CI, 3.413–6.088); p < 0.001 and GG versus
AA; OR, 5.205 (95% CI, 2.751–10.585); p < 0.001] were
identified as independent predictors for IS (Table 4B). The
LASSO analysis and cross-validation results illustrated that
the optimal lambda (λ) value was 0.00140712 for the 1,394
male participants in the training cohort. The eight clinical risk
factors screened in the male training cohort (Figures 3A,B)
were identified as the best risk factors in the LASSO regression
model (Supplementary Table 3). On the other hand, five clinical
features, including high BMI, hypertension, history of alcohol
use, diabetes mellitus and rs17276588 had non-zero coefficients
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FIGURE 3

Clinical and demographic ischemic stroke (IS) risk factors in the male population according to the least absolute shrinkage and selection
operator (LASSO) binary logistic regression model. (A) Tenfold cross-validation based on the minimum criterion was used to find the optimal
parameter (lambda) selection for the LASSO model. A plot of the partial likelihood deviance (binomial deviance) curve versus log(lambda) is
shown. The dashed vertical lines were plotted based on the optimal minimum criteria and 1-SE of the minimum criteria (1-SE criteria). (B) The
eight feature LASSO coefficient profiles. A coefficient profiler was generated based on the log(lambda) sequence. A vertical line was plotted
using the value chosen by the 10-fold cross-validation. The optimal lambda was defined as the value that yielded non-zero coefficients for all
eight features. (SE, standard error; LASSO, least absolute shrinkage and selection operator).

in the female training cohort (λ = 0.01026424) (Supplementary
Table 3 and Figures 4A,B).

Apparent performance of the risk
nomogram in the cohort

The most important predictors were used to create the
nomogram (Figures 5A,B). In the training cohort, the C-index
of the nomogram in male population was 0.767 (95% CI, 0.741–
0.792), and in the validation cohort, it was 0.749 (95% CI, 0.703–
0.795). The C-index of the nomogram in female population was
0.721 (95% CI, 0.690–0.752) in the training cohort and 0.684
(95% CI, 0.628–0.740) in the validation cohort. Both male and
female calibration curves demonstrated good consistency and
practicability. The mean absolute calibration error for the male
population was 0.035 in the training cohort (Figure 6A) and
0.030 in the validation cohort (Figure 6B). The mean absolute
calibration curve error for the female population was 0.017 in
the training cohort (Figure 7A) and 0.062 in the validation
cohort (Figure 7B).

Clinical practicability

The AUCs in the training and validation male cohorts
were 0.767 (95% CI, 0.742–0.793; p < 0.001) (Figures 8A,C)
and 0.749 (95% CI, 0.703–0.795; p < 0.001) (Figures 8B,C),
respectively. Similarly, the AUCs in the training and validation
female cohorts were 0.720 (95% CI, 0.689–0.752; p < 0.001)

(Figures 9A,C) and 0.685 (95% CI, 0.629–0.742; p < 0.001)
(Figures 9B,C). These findings indicate that the nomograms for
both male and female had a good prediction accuracy. Figure 10
shows the decision curve analysis for the nomogram, which was
used to assess the clinical practicability of the model. The risk
threshold whereby the patients would benefit clinically ranged
between 21 and 80% for the male population (Figure 10A) and
between 31 to 77% for the female population (Figure 10B).

Discussion

In order to improve the primary prevention of IS, there
is a need to develop accurate predictive models. However,
current predictive models do not incorporate genetic risk factors
such as the pri-let-7f-2 polymorphism on the X chromosome.
In this study, we created and validated the first genotype-
based nomogram for sex-specific IS prediction. The nomogram
included two types of parameters, the rs17276588 genotype and
clinical risk factors (age, diabetes mellitus, BMI, hypertension,
history of alcohol use, history of smoking, and hyperlipidemia).
According to the decision curve analysis, the nomogram proved
clinically practical for both men and women.

Our findings indicate that the rs17276588 polymorphism is
likely to be linked to an increased risk of developing IS. Since
the A allele could be a risk factor for IS, individuals with the AA
genotype may have a higher risk of developing IS. Studies have
linked the let-7f genes with tumor cell growth, migration, and
differentiation (28, 29). Therefore, previous studies focused on
the role of the rs17276588 polymorphism in the development
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FIGURE 4

Clinical and demographic ischemic stroke (IS) risk factors in the female population according to the least absolute shrinkage and selection
operator (LASSO) binary logistic regression model. (A) Ten-fold cross-validation based on the minimum criterion was used to find the optimal
parameter (lambda) selection for the LASSO model. A plot of the partial likelihood deviance (binomial deviance) curve versus log(lambda) is
shown. The dashed vertical lines were plotted based on the optimal minimum criteria and 1-SE of the minimum criteria (1-SE criteria). (B) The
eight feature LASSO coefficient profiles. A coefficient profiler was generated based on the log(lambda) sequence. A vertical line was plotted
using the value chosen by the tenfold cross-validation. The optimal lambda was defined as the value that yielded non-zero coefficients for all
eight features. (SE, standard error; LASSO, least absolute shrinkage and selection operator).

FIGURE 5

Nomogram for predicting the incidence of IS among the male (A) female (B) populations. The features included in the nomogram were age,
BMI, DM, hypertension, smoking, alcohol, hyperlipemia, and rs17276588. (DM, Diabetes mellitus; BMI, body mass index).

of various cancers (30). A study by Yuan et al. noted that when
the rs17276588 A allele transcription was lower, the expression
of the let-7f genes were reduced, resulting in a higher risk
of developing colorectal cancer (14). Qian et al. evaluated the
impact of the let-7f genes on the endothelial function of young
stroke patients (31). These genes were identified as potential
biomarkers to diagnose IS and predict prognosis in IS patients.
In addition, a link was discovered between the rs17276588
variant genotypes GA and AA and an increased risk of MetS
(15). This disease is characterized by an aberrant metabolic
system that leads to various clinical problems such as diabetes
and dyslipidemia (32). The metabolic impact of the rs17276588
SNPs suggests a possible relationship between SNP and IS.

Therefore, in this study, we used seven readily risk factors
and the A allele in the pri-let-7f-2 rs17276588 to develop and
validate a novel IS risk prediction tool. Our model accurately
predicted the risk of IS for both male and female patients.
Furthermore, the large sample size used to develop the model
and the high C-index, calibration, and discrimination achieved
following external validation indicate that the nomogram is
generalizable and reliable. The 10-fold LASSO cross-validation
identified high BMI, hypertension, history of alcohol use,
diabetes mellitus and the rs17276588 A allele as high-risk factors
for the development of IS. Conversely, age above 60, smoking
history, and hyperlipidemia were not identified as IS risk factors
in females. Hyperlipidemia was only identified as a risk factor
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FIGURE 6

Calibration curves for the male nomogram prediction models. (A) illustrates the nomogram for the training cohort (n = 1394) with a mean
absolute error of 0.035 and (B) illustrates the nomogram for the validation cohort (n = 464) with a mean absolute error of 0.030. The x-axis
indicates the predicted IS incidence and the y-axis indicates the actual incidence of IS. The dotted diagonal line shows the model for perfect
prediction, while the solid line illustrates the performance of the nomogram. The shorter the distance between the dashed line and the diagonal
line, the higher the prediction accuracy of the model.

FIGURE 7

Calibration curves for the female nomogram prediction models. (A) illustrates the nomogram for the training cohort (n = 1051) with a mean
absolute error of 0.017 and (B) illustrates the nomogram for the validation cohort (n = 350) with a mean absolute error of 0.062. The x-axis
indicates the predicted IS incidence and the y-axis indicates the actual incidence of IS. The dotted diagonal line shows the model for perfect
prediction, while the solid line illustrates the performance of the nomogram. The shorter the distance between the dashed line and the diagonal
line, the higher the prediction accuracy of the model.

in men following a multivariate logistic regression analysis in
men. Our findings indicate that the male rs17276588 A allele
carriers with hyperlipidemia had a higher IS risk than female
patients. In previous studies, male sex and hyperlipidemia were
also identified as independent risk factors for coronary heart
disease and IS (33, 34). The triglyceride-glucose index (TyG)
was also higher in men which was increased with age and serum
total cholesterol (TC), low density lipoprotein cholesterol (LDL-
C), triglyceride (TG) levels. In addition, patients with DM and
hyperlipidemia had higher TyG and a higher risk of developing
cardiovascular disease (CVD) (35–37). These findings suggest

that a low-sodium and low-fat diet should be recommended,
particularly for males with specific genotypes, to reduce the risk
of developing IS. The clinical factors used in our nomogram
can be easily obtained using routine tests, and it can therefore
be easily applied in routine clinical practice, particularly to
assess the IS risk in patients with the pri-let-7f-2 rs17276588
polymorphism. We also recommend regular check-ups and a
low-fat diet in high-risk carriers to reduce the risk of developing
IS and related complications.

Clinical and genetic biomarkers are increasingly being used
to diagnose and predict disease in stroke patients (38, 39).
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FIGURE 8

Receiver operating characteristic (ROC) curves for the male training (A) and validation (B) cohorts. (C) illustrates some of the results of the ROC
curve for the training and validation nomograms.

FIGURE 9

Receiver operating characteristic (ROC) curves for the female training (A) and validation (B) cohorts. (C) illustrates some of the results of the
ROC curve for the training and validation nomograms.

Li et al. showed that the discharge from hospital of stroke
patients suffering from infectious and inflammatory diseases
could be accurately predicted through the use of clinical
signs and serum biomarkers (18). Another model by Yuan
showed that a nomogram composed of diabetes mellitus,
hypertension, stroke origins, smoking status, and educational
years could be used to predict the risk of recurrent stroke in
young patients (40). Bi et al. also developed a risk prediction

algorithm for acute ischemic stroke (AIS) for patients presenting
with acute dizziness, vertigo, or imbalance in the emergency
department (16).

The main strength of this case-control prediction study
was the enrollment of people with specific genetic variations.
Furthermore, the predictors used in our nomogram are well
defined and widely available. The high AUCs achieved by
the prediction model for both genders indicate that the risk
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FIGURE 10

Decision curve analysis whereby the y-axis represents the net benefit, and the blue line represents the risk. The thin solid line denotes the
assumption that all patients had IS, while the thick solid line denotes the assumption that no patients had IS. (A) illustrates the decision curve
analysis for the male patients with the highest net benefit achieved for a threshold probability ranging between 21 and 80%. (B) illustrates the
decision curve analysis for the female patients with the highest net benefit achieved for a threshold probability ranging between 31 and 77%.
These findings indicate that an intervention based on the risk predicted by the nomogram provided a favorable net benefit when compared to
treating all patients or treating none of the patients.

assessment tool could be used to guide clinical practice.
However, there are limitations to this research. The data for this
study was obtained retrospectively from a single center. This
could limit the generalizability of the research findings due to
biases introduced during the self-reported socioeconomic status
and testing variations. Furthermore, although the predictive
models generated by LASSO are more stable when compared
with logistic regression, the restricted number of features
identified by LASSO remains a flaw for both male and female
models. As a result, the LASSO regression results can only
be used as a guide. To overcome this problem, we combined
the results of the multivariate logistic regression and univariate
regression and incorporated the well-known clinical stroke risk
factors to create a predictive nomogram model. Finally, the
number of stroke occurrences associated with each predictor
was small, potentially limiting the clinical practicability of the
model. Consequently, the generalizability of the model needs to
be validated using a larger dataset from various centers before it
can be used in clinical practice.

Conclusion

The pri-let-7f-2 rs17276588 polymorphism is strongly
correlated with the risk of IS in the northern Chinese Han
population. Our developed nomogram, combining genetic
signatures and clinical data, offers a lot of potential for
predicting the risk of IS in patients. Given the rising
socioeconomic costs of IS-related disability and death, methods

that make it easier to monitor high-risk groups may reduce
the incidence and morbidity of the disease (41–43). If future
validation is done, this nomogram could have a lot of potential
for assisting in the identification of high-risk groups and
primary stroke prevention.
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