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Background: Calcific aortic valve stenosis (CAVS) is a common valvular heart disease, but there are limited 
reports on the construction of prediction models for CAVS. This study aimed to investigate the risk factors 
for CAVS and construct a predictive model for CAVS based on its common clinical features.
Methods: Patients with CAVS who underwent surgical treatment in our hospital from 2016 to 2020 
and those who underwent physical examination during the same period were retrospectively studied and 
placed in the CAVS group and normal group based on the area of aortic valve orifice less than or more than 
3 cm2. A total of 548 patients were included in this study, including 106 CAVS patients and 442 normal 
patients. Subjects were randomly divided into training and validation sets at a 7:3 ratio. The features were 
dimensionally reduced using the Least Absolute Shrinkage and Selection Operator (LASSO) algorithm in 
the training set, and the optimal clinical features were selected. The independent predictors of patients with 
CAVS were determined by univariate and multivariate logistic regression, and nomogram was constructed. 
The calibration curve, receiver operating characteristic (ROC) curve, and decision curve analysis (DCA) 
were used to evaluate the model in both the training set and the validation set. 
Results: In this study, 11 independent predictors were distinguished by multivariate logistic regression 
analysis: history of hypertension, history of carotid atherosclerosis, age, diastolic blood pressure, C-reactive 
protein, direct bilirubin, alkaline phosphatase, low-density lipoprotein (LDL), lipoprotein(a) [Lp(a)], uric 
acid, and cystatin C. A nomogram was constructed using the above indicators. The model was well-calibrated 
and showed good discrimination and accuracy [the area under the curve (AUC) =0.981] in the training set, 
with a sensitivity of 91.89% and a specificity of 95.48%. More importantly, the nomogram displayed a good 
performance in the validation set (AUC =0.955, 95% CI: 0.925–0.985), with a sensitivity of 93.75% and a 
specificity of 84.09%. Additionally, DCA revealed that the nomogram had high clinical practicability.
Conclusions: This study successfully established a risk prediction model for CAVS based on 11 
conveniently accessible clinical indicators, which might easily be used for individualized risk assessment  
of CAVS.
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Introduction

Calcif ic aortic valve stenosis  (CAVS) is  the most 
common heart valve disease in developed countries (1). 
It is characterized by slowly progressing calcification and 
remodeling of valve leaflet fibers, which leads to a decrease 
in valvular activity, a gradual narrowing of valvular leaflets, 
and finally, progressive blood flow obstruction (2). CAVS 
is the prevailing form of acquired valve disease requiring 
surgical treatment and has the highest mortality rate among 
valvular diseases in the United States (3). Moreover, it is 
strongly associated with mortality and morbidity in elderly  
patients (4). Indeed, studies have reported that CAVS is 
the third leading cause of cardiovascular disease (CV) after 
coronary artery disease and systemic arterial hypertension (2), 
with a prevalence of 12% in the elderly (>75 years), and that 
its prevalence increases with age (2,5).

Similar to atherosclerosis, CAVS is generally characterized 
by lipid accumulation, inflammation, and calcification (6). 
Most patients have no obvious clinical symptoms in the early 
stages, but as the disease advances, the aortic valve leaflets 
progressively calcify, remodel, and thicken, which, in turn, 
restricts valve opening and leads to severe obstruction of the 
left ventricular outflow tract. Due to hemodynamic changes, 
the left ventricular afterload gradually increases, causing left 
ventricular hypertrophy. In advanced stages, patients usually 
present with life-threatening clinical symptoms such as 
syncope, angina pectoris, and heart failure (7). The incidence 
of the above symptoms represents decompensation of heart 
function; the disease progresses rapidly and the prognosis 
is extremely poor. Nearly 50% of patients have a natural 
life span of fewer than 2 years (8). Due to the prolongation 
of average life expectancy and the rapid aging of the global 
population, the prevalence and mortality of CAVS are also 
expected to increase further (9). 

CAVS is generally considered a degenerative disease 
that occurs with age and is primarily caused by passive 
calcium deposition in the valves. However, scientists have 
discovered that the disease is also driven by interactions 
between genetic factors, lipid permeation, and chronic 
inflammation. These factors are triggered by hemodynamic 
stress-related injury and are modulated by risk factors 
such as hypertension and hypercholesterolemia (10,11). 
Studies have demonstrated that the development of CAVS 
is associated with immune cell infiltration, inflammatory 
response, abnormal lipid metabolism, abnormal signaling 
pathway transduction, coronary atherosclerosis, and 
vascular fibrosis (12-15). Disease prevention and drug 

targets for CAVS have become new research hotspots. 
Therefore, it is of great clinical significance to clarify the 
risk factors associated with the occurrence of calcific aortic 
stenosis in patients, further explore the correlation between 
calcific aortic stenosis, inflammatory response, and lipid 
levels. In addition, it is also crucial to lay the groundwork 
for an in-depth study of the underlying disease mechanisms 
and develop effective target-specific interventional 
therapies for the treatment and prevention of this disease. 
At present, there are limited reports on the construction 
of prediction models for CAVS. In this study, we screened 
the risk factors and constructed a nomogram that may 
predict the occurrence of CAVS to help with early clinical 
screening of potential CAVS risk groups. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1157/rc).

Methods

Patients

The data obtained from the medical data intelligent 
platform were processed anonymously to protect the privacy 
of the patients. This study was performed in line with the 
Helsinki Declaration (as revised in 2013) and was approved 
by the Institutional Ethical Committee of the Affiliated 
Hospital of Qingdao University (No. QYFY WZLL 26950). 
Due to the retrospective retrieval of the patients' data, the 
requirement for informed consent was waived. We enrolled 
patients from the cardiovascular surgery department and 
physical examination center who were admitted to our 
hospital from September 2016 to September 2020. The 
complete medical records of the patients were retrieved 
from the electronic medical record system of the hospital. 
They were divided into a CAVS group and a normal group 
depending on the presence or absence of aortic stenosis, as 
determined by cardiac ultrasound. 

Variables

The clinical data regarding the patient’s first visit to our 
hospital or their first admission were recorded, including, 
but not limited to, the following: gender, age, height, 
weight, body mass index (BMI), systolic blood pressure, 
diastolic blood pressure, as well as a history of hypertension, 
diabetes, drinking, smoking, carotid atherosclerosis, and 
chronic kidney disease (CKD). The laboratory test results 
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encompassed routine blood, blood biochemistry, liver 
and renal function, and other common clinical indicators. 
Echocardiography results were also considered. 

Inclusion and exclusion criteria

Inclusion criteria
(I) Patients included in the case group were eligible for 
surgery for simple degenerative aortic stenosis according 
to the 2020 American College Of Cardiology (ACC)/
American Heart Association (AHA) Guideline for the 
Management of Patients With Valvular Heart Disease (16); 
(II) echocardiography results in the control group were 
characterized by no abnormalities or only decreased left 
ventricular diastolic function; and (III) individuals with 
complete clinical data. 

Exclusion criteria
(I) Patients considered to have rheumatic heart disease 
based on clinical history, cardiac ultrasound results, or 
surgical exploration findings; (II) patients diagnosed with 
congenital bicuspid aortic valve malformation; (III) patients 
with infective endocarditis; (IV) patients with a previous 
history of valve surgery; (V) patients with hypothyroidism 
or parathyroid disease; (VI) patients with a clear history of 
myocardial infarction; (VII) patients with concurrent tissue 
or organ infections; and (VIII) patients diagnosed with a 
connective tissue disease.

Diagnostic criteria for aortic stenosis

According to the 2020 ACC/AHA Guidelines for the 
Management of Patients with Valvular Heart Disease (16), 
the area of normal aortic valve orifices in adults ranges 
from 3.0 to 4.0 cm2. Hemodynamic changes are observed 
when the mean transvalvular pressure difference exceeds 
40mmHg. Mild aortic stenosis is defined as aortic stenosis 
with a maximum transvalvular flow (Vmax) of 2.0–2.9 m/s 
or a mean transvalvular pressure difference of <20 mmHg. 
To be defined as moderate aortic stenosis, the Vmax of 
transvalvular blood has to be from 3.0 to 3.9 m/s, or the 
mean transvalvular pressure difference has to be from 20 to 
39 mmHg. Severe aortic stenosis is defined as aortic stenosis 
involving obvious thickening and fusion with calcification 
in the valvular lobe, accompanied by a significantly 
reduced valvular activity, a maximum blood flow velocity  
≥4 m/s across the aortic valve, and an aortic valve orifice area  
≤1.0 cm2.

Statistical analysis

The Least Absolute Shrinkage Selection Operator (LASSO) 
method for high-dimensional data regression was used 
to select the most useful predictors from the original  
dataset (17). To further improve the clinical applicability 
of the model and reduce the sample size requirements 
of the subsequent logistics regression, we set the λ value 
to one standard error when implementing the LASSO 
regression. Next, univariate and multivariate logistic 
regression analyses were performed to analyze the possible 
risk factors of CAVS, and a nomogram was prepared to 
visualize the regression results. The receiver operating 
characteristic (ROC) curve and the area under the curve 
(AUC) were used to evaluate the diagnostic efficiency of 
the nomogram. The Youden index is equal to sensitivity 
plus specificity minus one, so the optimal sensitivity and 
specificity can be calculated based on the maximum Youden 
index. In addition, a calibration curve and clinical decision 
curve analysis (DCA) were used to evaluate the goodness 
of fit and clinical practicability of the nomogram. The 
statistical software utilized included the SPSS software 
(version 26.0, IBM, Armonk, New York, United States) and 
R software (version 4.0.5) (The R Foundation for Statistical 
Computing, Vienna, Austria), and the R packages (https://
www.R-project.org) included “glmnet”, “RMS”, “Foreign”, 
“caret”, “nricens”, etc. All tests were two-sided, and P<0.05 
was considered statistically significant.

Results

Patients

A total of 548 patients were eligible according to the 
inclusion and exclusion criteria, including 442 in the control 
group and 106 in the CAVS group. To build and validate the 
model correctly, the patients were first grouped randomly 
based on the following proportions: 70% in the training set 
and 30% in the validation set. After random grouping, there 
were 384 patients in the training set and 164 patients in the 
validation set. 

Screening of clinical characteristics

Although there were only 384 patients in the training set, 
the number of indicators was as high as 48. Therefore, 
the LASSO regression analysis for high-dimensional 
data regression selected the most useful predictors from 
the original dataset (17). After screening, the 48 clinical-

https://www.R-project.org
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pathological indicators were reduced to 15 potential 
predictors (Figure 1A,1B) among the 384 patients in the 
training set. These 15 predictors were as follows: history of 
hypertension, carotid atherosclerosis, age, diastolic blood 
pressure, C-reactive protein, direct bilirubin, alkaline 
phosphatase, aspartate aminotransferase, albumin/globulin 
ratio, low-density lipoprotein (LDL), lipoprotein(a) [Lp(a)], 
uric acid, creatinine, blood urea nitrogen/creatinine ratio, 
and cystatin C.

Establishment of the nomogram

The 15 clinical indicators selected by LASSO regression 
were assessed by univariate analysis, and the results are 
shown in Table 1. The history of hypertension, carotid 
atherosclerosis, age, diastolic blood pressure, C-reactive 
protein, direct bilirubin, alkaline phosphatase, aspartate 
aminotransferase, LDL, Lp(a), uric acid, blood urea 
nitrogen/creatinine, and cystatin C were related to the 
occurrence of diseases (all P<0.05). Subsequently, all of 
the above meaningful indicators were included in the 
multivariate analysis of binary logistic regression. The 
results revealed that the history of hypertension, carotid 
atherosclerosis, age, diastolic blood pressure, C-reactive 
protein, direct bilirubin, alkaline phosphatase, LDL, Lp(a), 
uric acid, and cystatin C were independent influencing 
factors (all P<0.05). Therefore, a nomogram model was 
constructed to predict the occurrence of aortic stenosis in 
patients according to the above 11 indicators (Figure 2).

Validation of the nomogram 

The calibration curve of the nomogram for predicting aortic 
stenosis showed good agreement between the predicted 
and actual observed probability values, and the same was 
observed in the validation set (Figure 3). In addition, in the 
training set of the model, the χ2 of the Hosmer-Lemeshow 
test was 2.086 and the P value was 0.978. In the independent 
validation set of the model, the χ2 was 6.315 and the P value 
was 0.612, indicating that the nomogram had a good fitting 
degree and did not deviate from a perfect fit with the actual 
value. In addition, the AUCs of the model in the training 
was 0.981 [95% confidence interval (CI): 0.967–0.995], 
with a sensitivity of 91.89% and a specificity of 95.48%. 
The nomogram also performs well in the validation set, 
with an AUC of 0.955 (95% CI: 0.925–0.985), sensitivity of 
93.75%, and specificity of 84.09% (Figure 4), which proved 
that the prediction accuracy of the model was very high.

Clinical practicability of the nomogram 

Figure 5 illustrates the DCA of the nomogram in predicting 
clinical aortic stenosis. The DCA curve demonstrates 
that when the prediction probability was 0.01–0.99, the 
net benefit was positive in the training set, and when the 
prediction probability was 0.01–0.86, the net benefit was 
positive in the validation set (Table 2). Therefore, in a large 
probability interval, undergoing an early intervention 
according to the nomogram could help prevent the 
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occurrence of aortic stenosis.

Discussion

CAVS represents a growing medical burden for the 
aging population, yet to date, there are no effective 
drugs for the prevention or delay of the occurrence and 
progression of CAVS, and the only viable treatments are 
surgical aortic valve replacement (SAVR) or transcatheter 
aortic valve replacement (TAVR) (18). However, both of 
these techniques are inevitably accompanied by serious 
complications. First, the implantation of a mechanical 
heart valve increases the risk of thrombosis, leading to the 
requirement for lifelong anticoagulation therapy. Second, 
bioprosthetic valves are prone to deterioration, limiting 
their durability and possible reoperation within less than  
15 years (19). Therefore, early prevention of CAVS 
is particularly important. Since multiple factors and 
mechanisms influence CAVS, previous univariate stratified 
risk prediction studies have been unable to meet the needs 

of clinicians. In the current study, regression analysis 
demonstrated that the history of hypertension, history 
of carotid atherosclerosis, age, diastolic blood pressure, 
C-reactive protein, direct bilirubin, alkaline phosphatase, 
LDL, lipoprotein(a), uric acid, and cystatin C were 
independent factors impacting the occurrence of the 
disease, which is consistent with the results of previous 
studies (20-26). Based on these variables, a nomogram 
capable of individually predicting the risk of developing 
CAVS in patients was constructed, which included 11 
clinical characteristic variables that can be easily obtained 
from clinical records and routine laboratory tests and have 
a high clinical utility. We hope that this model will aid in 
the early screening of potential CAVS risk groups and the 
implementation of secondary prevention interventions to 
improve patient prognosis. 

Endothelial injury on the aortic side of the valve 
represents the initiating event of CAVS due to the increased 
mechanical stress and decreased shear stress. The loss 
of endothelial integrity triggers inflammation and lipid 

Table 1 Univariate and multivariate logistic regression analysis in the training set

Characteristics

Univariate analysis Multivariate analysis

OR
95% CI

P OR
95% CI

P
Upper limit Lower limit Upper limit Lower limit

Hypertension 4.116 2.404 7.048 <0.001 6.056 1.597 22.97 0.008

Carotid atherosclerosis 15.402 7.573 31.324 <0.001 10.577 2.59 43.197 0.001

Age 1.196 1.148 1.246 <0.001 1.109 1.033 1.191 0.004

Diastolic pressure 0.915 0.889 0.942 <0.001 0.858 0.801 0.92 <0.001

C-reactive protein 1.127 1.034 1.227 0.006 1.299 1.022 1.652 0.033

Direct bilirubin 1.224 1.1 1.362 <0.001 1.35 1.08 1.687 0.008

Alkaline phosphatase 1.029 1.014 1.045 <0.001 1.06 1.017 1.105 0.006

AST 1.035 1.01 1.061 0.006 1.05 0.998 1.105 0.062

A/G ratio 1.857 0.757 4.552 0.176

Low density lipoprotein 4.432 2.605 7.541 <0.001 3.414 1.024 11.385 0.046

Lp(a) 1.006 1.004 1.009 <0.001 1.004 1.001 1.008 0.043

Uric acid 1.012 1.009 1.016 <0.001 1.016 1.008 1.025 <0.001

Creatinine 0.994 0.982 1.007 0.394

BUN/CREA ratio 1.069 1.036 1.103 <0.001 1.07 0.993 1.153 0.077

Cystatin C 156.31 40.906 597.298 <0.001 17.755 1.325 237.88 0.03

OR, odds ratio; CI, confidence interval; AST, aspartate aminotransferase; A/G ratio, Albumin/Globulin ratio; Lp(a), lipoprotein(a); BUN/
CREA ratio, blood urea nitrogen/creatinine ratio.
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accumulation by promoting infiltration by monocytes, 
mast cells, T cells, and lipoproteins, which include LDL 
and Lp(a) (27). This study showed that LDL and Lp(a) 
were significantly associated with the development of 
CAVS (P=0.046, P=0.043). When inflammation enters the 
subcutis, LDL in cells is oxidized to oxidized low-density 
lipoprotein (oxLDL), which is recognized by macrophage 
clearance receptors, generating foam cells and inducing 
further oxidative stress and inflammatory responses (28). 
In addition to the above mechanisms, Lp(a) and LDL 
are also involved in lipid metabolism (29). Studies have 

shown that the Lp(a) and LDL levels play an important 
role in the pathophysiology of valvular calcification (30). 
Lp(a) is composed of LDL and apolipoprotein B (ApoB), 
and as a major carrier of oxidized phospholipids, Lp(a) 
can induce a series of cascade reactions that ultimately 
lead to calcification and stiffness of the aortic valve (31). 
In addition, inflammation plays a crucial role in the 
pathogenesis of CAVS. The concentration of C-reactive 
protein, a commonly used inflammatory index in clinical 
practice, can reflect the degree of inflammation in the aortic 
valve to some extent. Researchers have discovered that 
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the role of C-reactive protein in aortic valve calcification 
in an in vitro model was to exert an indirect effect on the 
blood vessels, with the rate of calcification in the aortic 
wall increasing with the increasing C-reactive protein 
concentration (32,33). The presence of local and systemic 
C-reactive protein is further evidence that inflammation 
plays an important role in valve degeneration (34,35). In the 
present study, C-reactive protein was associated with the 
development of CAVS and was an independent risk factor 
for the occurrence of CAVS (odds ratio =1.299, 95% CI: 

1.022–1.652, P=0.033).
Carotid atherosclerosis is defined as carotid intima-

media thickness (CIMT) ≥1.0 mm or the presence 
of carotid plaque (36). A previous study reported an 
association between the presence of carotid atherosclerosis 
and degenerative aortic stenosis (37); the risk of carotid 
atherosclerosis was 2.1 times higher in patients with aortic 
valve sclerosis than in control patients (38). In the current 
study, the risk of carotid atherosclerosis was 10 times higher 
in patients with aortic valve stenosis. This finding further 
strengthens the hypothesis that carotid atherosclerosis 
and degenerative aortic stenosis are related. This study 
also revealed that hypertension was a significant predictor 
of CAVS (odds ratio =6.056, 95% CI: 1.597–22.97, 
P=0.008), which is consistent with previous findings (39). 
Moreover, hypertension has been associated with increased 
left ventricular structural abnormalities in patients with 
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Table 2 The net benefit interval of the DCA curves

Subgroup Net benefit interval

Training set 0.01–0.99

Validation set 0.01–0.86

DCA, decision curve analysis.
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early asymptomatic mild to moderate aortic stenosis 
and has been identified as a major cause of the increased 
morbidity and mortality rates of CV in the general  
population (40). The Mendelian randomization study 
suggested an association between elevated systolic blood 
pressure and an increased risk of aortic stenosis (41). Large 
arteries in elderly individuals have poor elasticity, which is 
usually coupled with elevated systolic blood pressure and 
low diastolic blood pressure. Interestingly, however, the 
present study demonstrated that elevated diastolic blood 
pressure was associated with a reduced risk of CAVS and 
was a protective factor against the development of CAVS. 
A large pulse pressure difference in patients with poor 
systemic vascular conditions and limited left ventricular 
ejection fraction in patients with severe CAVS could explain 
the lower diastolic blood pressure; further studies on the 
hemodynamics of CAVS are warranted to confirm this 
theory. Additionally, age was also an independent risk factor 
for CAVS in previous studies, which was validated by our 
results. For every 1-year increase in age in this study, the 
risk of developing CAVS increased by 1.109 times (P=0.004). 
Lindroos et al. reported that calcific degeneration of the 
aortic valves becomes more common with advancing  
age (4), indicating that age is an important factor in 
CAVS development and can help to effectively predict the 
occurrence of CAVS (42).

A study has shown that the serum uric acid level is an 
independent risk factor for the development of CV (6). In 
the present study, the occurrence of CAVS was significantly 
and positively correlated with serum uric acid levels (odds 
ratio =1.016, 95% CI: 1.008–1.025, P<0.001). Elevated 
serum uric acid levels may induce CAVS and accelerate 
its progression by causing endothelial dysfunction and 
accelerating LDL oxidation. Similarly, the deposition of 
urate crystals on the aortic valve may also promote valve 
degeneration and accelerate CAVS progression (43). 
Therefore, lowering serum uric acid levels may, to some 
extent, delay or prevent the progression of CAVS. Alkaline 
phosphatase is a phosphate monoester hydrolase that is 
widely present in the liver and bones; numerous studies 
have demonstrated that it is highly correlated with calcium 
deposition in the interstitial component of the valve (44,45). 
Inhibition of transforming growth factor-β1 (TGF-β1) and 
bone morphogenetic protein 2 (BMP-2) activities can lead 
to reduced expression of alkaline phosphatase, which in turn 
reduces calcium deposition in aortic valve interstitial cells, 
suggesting that alkaline phosphatase plays an important role 
in the process of aortic valve fibrosis (46). Increased alkaline 

phosphatase activity is associated with increased calcified 
nodules and calcium and phosphorus deposition (47). In 
another study, Liu et al. discovered that alkaline phosphatase 
plays an important role in the development of aortic valve 
fibrosis (48). In the present study, alkaline phosphatase was 
also found to be associated with the pathogenesis of CAVS 
(P=0.006), which was consistent with the abovementioned 
findings, suggesting that it could be involved in the 
occurrence of CAVS through various mechanisms and could 
be an important predictor of the disease.

In stenotic valves, a significant increase in messenger 
RNA (mRNA) and protein expression of cystatin C is 
usually detected in the infiltrated area of inflammatory 
cells (49). The expression of cystatin C and TGF-β1 is also 
significantly increased in non-rheumatic calcific aortic valve 
tissue compared with normal aortic valve tissue (50). It has 
been shown that TGF-β1 has a significant regulatory effect 
on the expression of cystatin C in vascular smooth muscle 
cells (51). However, the specific mechanism of action of 
cystatin C and TGF-β1 in human aortic valve calcification 
is unclear and requires further clarification. Modulating the 
possible interactions between these two molecules could 
allow us to stop the progression of aortic valve calcification 
in the early stages of the disease (50). In addition, a study 
has found that higher bilirubin levels are negatively 
correlated with cardiometabolic risk factors, including 
obesity, dyslipidemia, and hypertension (52). This study 
revealed that direct bilirubin was an independent risk factor 
for CAVS (P=0.008). However, as a major contributor to 
CAVS, the mechanism of action of direct bilirubin remains 
unclear, and further basic research is required to elucidate 
the physiological mechanism between direct bilirubin  
and CAVS.

Nonetheless, there are some limitations to this study 
that should be noted. Although this is a real-world study, 
the CAVS case group is small, and only 74 cases were used 
to establish the model. The model could be improved by 
increasing the sample size. Also, given the increasing use of 
bioinformatics and machine learning in clinical research, it 
would have been preferable to incorporate the relationship 
between the expression of some genes and CAVS into the 
model (53,54). Finally, because the verification work of 
this study is limited to the internal population and lacks 
independent external data set verification, it may have 
certain limitations. We will further improve this problem in 
the future work.

The model’s overall accuracy in predicting the occurrence 
of CAVS was high in both the training and validation sets 
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(both AUCs >0.9), and the clinical decision curves indicated 
that the model has a broad range of applicability, with its 
predictions providing clinical benefits across a wide range 
of probability intervals. Therefore, appropriate preventive 
measures and specific interventions for the high-risk 
groups identified by this nomogram will hopefully provide 
important evidence for the timely initiation of clinical 
interventions to treat CAVS patients.

Conclusions

In general, the treatment of CAVS is limited, surgical 
intervention is complicated, and the prognosis is poor. This 
study successfully established and validated a nomogram for 
predicting the occurrence of CAVS based on 11 clinically 
indicators, which may achieve early prediction in CAVS 
patients. Variables used in the model were easy to obtain 
clinically and the effectiveness of the model was good.
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