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Background: Perimenopausal period is a period of physiological changes in women with signs of ovarian failure, including 
menopausal transition period and 1 year after menopause. Ovarian function declines in perimenopausal women and lower estrogen 
levels lead to changes in the function of various organs, which may lead to cardiovascular disease. Major adverse cardiovascular 
events (MACE) are the combination of clinical events including heart failure, myocardial infarction and other cardiovascular diseases. 
Therefore, this study explores the factors influencing the occurrence of MACE in perimenopausal women and establishes a prediction 
model for MACE risk factors using three algorithms, comparing their predictive performance.
Patients and Methods: A total of 411 perimenopausal women diagnosed with MACE at the Binzhou Medical University Hospital 
were randomly divided into a training set and a test set following a 7:3 ratio. According to the principle of 10 events per Variable, the 
training set sample size was sufficient. In the training set, Random Forest (RF) algorithm, backpropagation neural network (BPNN) 
and Logistic Regression (LR) were used to construct a MACE risk prediction model for perimenopausal women, and the test set was 
used to verify the model. The prediction performance of the model was evaluated in terms of accuracy, sensitivity, specificity, and area 
under the subject operating characteristic curve (AUC).
Results: A total of twenty-six candidate variables were included. The area under ROC curve of the RF model, BPNN model, and 
logistic regression model was 0.948, 0.921, and 0.866. Comparison of ROC curve AUC between logistic regression and RF model for 
predicting MACE risk showed a statistically significant difference (Z=2.278, P=0.023).
Conclusion: The RF model showed good performance in predicting the risk of MACE in perimenopausal women providing 
a reference for the early identification of high-risk patients and the development of targeted intervention strategies.
Keywords: major adverse cardiovascular events, machine learning, perimenopause, risk factor

Introduction
Perimenopause is a stage of normal physiological changes in women characterized by the depletion of viable follicles in 
the ovaries leading to the permanent cessation of menstruation. Currently, over 850 million women worldwide are in 
perimenopause, and the total perimenopausal population in China will account for approximately 14.29% of the world’s 
population by 2030.1,2 Perimenopause triggers multi-system physiological changes causing a decline in estrogen levels, 
but also increased body fat and unstable vasoconstriction, increasing the risk of cardiovascular disease.3 Studies have 
shown that the prevalence of cardiovascular disease in perimenopausal women is 13%, and the incidence of 
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cardiovascular disease in postmenopausal women increases rapidly to 49.3%, with mortality and disability rates as high 
as 31% and 18%; cardiovascular disease constitutes the main cause of high mortality and morbidity in postmenopausal 
women.4,5 Therefore, early identification of risk factors for MACE in perimenopausal women is critical.6 If perimeno-
pausal women at risk factors for MACE can be accurately and promptly identified and timely interventions implemented, 
this can reduce MACE incidence and improve quality of life.

Currently, although researchers have studied early predictive models of MACE, these models seem unsuitable for 
accurately predicting MACE risk in perimenopausal women. Xi et al conducted a retrospective study and constructed 
a risk prediction model for the occurrence of atherosclerotic cardiovascular disease.7 Ahamed et al combine the Internet 
of things, machine learning, and ensemble techniques to predict cardiovascular disease. In this study, five machine 
learning algorithms compared and contrasted to predict vascular disease. The result is shown that the Random Forest 
(RF) model outperforms other models. In addition, Research team further evaluate the seven machine learning algorithms 
by using hyperparameter tuning and ensemble techniques. As a result, the ensemble model outperforms the other seven 
machine learning models with an accuracy of 87.7%.8,9 Qian et al constructed a risk prediction model based on a total of 
12 predictors and performed Logistic Regression (LR) on data from 690 perimenopausal women; however, Logistic 
Regression relies on the selection of features, and the performance of the model will be affected if the features are not 
properly selected. In contrast, the backpropagation neural network (BPNN) model can approximate any complex 
nonlinear function. The RF model has the advantages of evaluating the importance of features, high accuracy, and fast 
training speed.10,11

Thus, the purpose of this study was to establish risk prediction models for MACE in perimenopausal women using 
Logistic Regression, Backpropagation Neural Network, and Random Forest algorithms, to accurately identify risk factors 
for MACE in this population. Furthermore, we compared the predictive performance of the three models to identify the 
most appropriate one for predicting the risk for MACE in perimenopausal women, providing a basis for prevention and 
early intervention strategies.

Materials and Methods
Data Collection
Perimenopausal women who were admitted to the cardiovascular ward of a Grade-A general hospital in Shandong 
Province from October 2023 to June 2024 and diagnosed with major adverse cardiovascular events were included in the 
MACE group (case group). Perimenopausal women who had no adverse cardiovascular events during physical examina-
tion during the same period were selected as the non-MACE group (control group). The specific inclusion criteria are 
described next. MACE group: 1) met the diagnostic criteria for perimenopause; 2) major cardiovascular adverse events 
were diagnosed for the first time; 3) voluntary participation in the study; 4) no mental illness, consciousness disorder, or 
other conditions, showing good cooperation. Non-mace group: 1) the diagnostic criteria for perimenopause were met and 
MACE were excluded; 2) voluntary participation in this study 3) no mental illness, consciousness disorders, or other 
conditions, showing good cooperation. Exclusion criteria: 1) patients with a history of hormone drug therapy in the past 
six months; 2) patients with malignant tumors, autoimmune system diseases, blood system diseases, serious organ 
diseases, etc. The study utilized a 1:4 matched case-control design, ensuring that four controls were randomly selected 
based on specific matching criteria.12 According to the literature review, the incidence of major cardiovascular adverse 
events in perimenopause was about 20%, with an estimated OR value of 3, α=0.05, β=0.10.10,13 The sample size formula 
for the matched case-control study was determined as follows: n ¼ 1þ1=cð Þ pq ðZαþZβÞ2

ðp1� p0Þ2
. The results showed that 82 cases 

were required in the MACE group and 328 cases were required in the non-MACE group. Therefore, a total of 411 cases 
were included. The diagnostic criteria for perimenopause were age ≥40 years, menstrual cycles varying in length (ie, 
menstrual disorders), with 2 or more out of 10 menstrual cycles showing menstrual cycle length changes of ≥7 days. 
Major adverse cardiovascular events included sudden cardiac death, malignant arrhythmia, heart failure, non-fatal 
myocardial infarction, unstable angina pectoris, and surgical coronary revascularization (percutaneous coronary inter-
vention and coronary bypass grafting).14,15 This study was reviewed and approved by the hospital Ethics Committee 
(2022–357), and all patients provided informed consent.
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Demographic and Clinical Data Collection
In this study, a total of 26 factors influencing MACE in perimenopausal women were identified by the research 
team through a literature review and expert advice, including sociodemographic characteristics, medical history 
assessment, and physiological indicators. 1) Sociodemographic characteristics included age, literacy level, nature 
of work, preference for salted diet, preference for sweets, and average daily sleep duration, the above were 
obtained by questionnaire. The body weight was measured with an electronic scale with a maximum capacity of 
200 kg. BMI was calculated by dividing the participant’s weight in kilograms by the square of their height in 
meter (kg/m2) (BMI > 25kg/m2 for overweight and obese). 2) Medical history assessment included family history 
of cardiovascular disease, history of total hysterectomy, history of gestational obesity (weight gain of more than 
15 kg during pregnancy), age at menarche, age at menopause, reproductive life expectancy (the age of menopause 
minus the age of menarche), the above determined by patient self-report. 3) Physiological indicators included 
blood pressure, waist-to-hip ratio (WHR), bone mineral density (BMD), estradiol, hemoglobin (HB), blood 
glucose (BG), calcium (Ca), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides (TG), lipoproteins (LP(a)), and plasma homocysteine (Hcy). Blood 
pressure was measured with an electronic sphygmomanometer and averaged over three measurements (Blood 
pressure above 140/90 is hypertension). Waist and hip circumference were measured with a tape measure. The 
WHR was calculated by dividing waist circumference (cm) by the hip circumference (cm) (central obesity was 
defined as waist-to-hip ratio greater than 0.9). BMD was measured by X-ray absorptiometry. Other physiological 
indexes were detected from fasting blood samples. All data collection tools are pre-tested and validated before 
use. Double-entry checks are implemented during data entry to reduce errors. Outliers of each variable were 
identified and properly handled.

Statistical Analysis
SPSS 25.0 and R 4.4.0 software were used for statistical analysis of the data. Quantitative information not 
conforming to a normal distribution was expressed as M (P25, P75), and comparisons between the two groups 
were made using the Wilcoxon test. Frequencies and percentages indicated qualitative information, and the χ2 test 
as used for comparison between the two groups. Univariate analysis and logistic regression analysis were 
conducted to identify risk factors for MACE in perimenopausal women; subsequently, the 12 risk factors showing 
significant results in the logistic regression analysis were included in the risk prediction models. Due to the low 
percentage of patients in the MACE group about 19.95%, the training set was processed by Random oversampling 
with a ratio of 7:3 corresponding to the training set and test set, respectively. A total of 288 samples in the 
training set were established with the RF Algorithm, BPNN, and Logistic Regression analysis, and 123 samples in 
the test set were used to verify the models. SPSS 25.0 was used to construct Logistic Regression model to predict 
the influencing factors of major adverse cardiovascular events in perimenopausal women, and BPNN was 
constructed by using the “nnet” package, “randomForest” package, and “randomForest” package in R4.4.0 soft-
ware. The BPNN model and RF model were constructed using the “nnet” and “randomForest” packages in R4.4.0 
software. The ROC curves of the three models were plotted to predict the risk of MACE in perimenopausal 
women, and the predictive efficacy of each model was evaluated by comparing the accuracy, sensitivity, 
specificity, F1 index and AUC.

Results
Patient Characteristics
A total of 411 perimenopausal female patients were collected in this study. The average age was 51.00 (49.00, 
53.00) years. Marital status: Married 397 cases (96.59%), divorced 8 cases (1.95%), widowed 6 cases (1.46%). 
A total of 232 cases (56.45%) had an education level below high school, while 179 cases (43.55%) had a high 
school education or above. Moreover, 108 participants (26.28%) engaged in physical work and 303 participants 
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(73.72%) did not engage in physical work. The general information of the MACE and non-MACE groups is 
shown in Table 1.

Multivariate Logistic Regression Analysis of Major Adverse Cardiovascular Events in 
Perimenopausal Women
Based on the univariate and multivariate Logistic regression analysis results, 12 variables were found to be independent 
predictors of MACE in perimenopausal women. In a univariate analysis, overweight/obesity (p=0.001), education level 
(p<0.001), non-physical work (p<0.001), hypertension (p=0.004), central obesity (p<0.001), age of menarche (p<0.001), 
age of menopause (p=0.006), reproductive life (p<0.001), salting diet (p<0.001), sweet food (p= 0.003), mean daily sleep 
<6h (p<0.001), gestational obesity (p<0.001), BG (p < 0.001), TC (p<0.001), LDL-c (p=0.048), HDL-c (p<0.001), Lp(a) 
(p=0.001), Hcy (p<0.001), osteopenia (p < 0.001), and decreased estrogen levels (p < 0.001) were screened as predictors 
of MACE in perimenopausal women. Multivariate logistic regression was performed to screen the significant variables 
related to MACE, revealing that the education level (odds ratio (OR) = 0.22; 95% confidence interval (CI): (0.08–0.92); 
p = 0.036), central obesity (OR = 7.73; 95% CI: (2.40–24.94); p =0.001), age of menarche (OR = 5.54; 95% CI: 

Table 1 General Data and Univariate Analysis of Major Cardiovascular Adverse Events in Perimenopausal 
Women

Characteristics MACE N=82 None-MACE N=329 P value

Age, years, n (%)

45–50 25(30.49%) 134(40.73%) 0.197a

51–55 49(59.76%) 173(52.58%)
56–60 8(9.76%) 22(6.69%)

Overweight/obesity, n (%) 57(69.51%) 163(49.54%) 0.001a

Degree of education, High school and above, n (%) 7(8.54%) 172(52.28%) <0.001a

Non-physical work, n (%) 45(54.88%) 258(78.42%) <0.001a

Hypertension, n (%) 33(40.24%) 80(24.32%) 0.004a

Central obesity, n (%) 67(81.71%) 98(29.79%) <0.001a

Family history, n (%) 27(32.93%) 45 (13.68) <0.001a

Panhysterectomy, n (%) 7(8.54%) 12(3.65%) 0.059a

Gestational obesity, n (%) 50(60.98%) 41(12.46%) <0.001a

Age of menarche,>13,n (%) 75(91.46%) 239(72.64%) <0.001a

Age of menopause,>47,n (%) 65(79.27%) 297(90.27%) 0.006a

Reproductive life,>30,n (%) 64(78.05%) 305(92.71%) <0.001a

Salty diet,n (%) 268(81.46%) 61(18.54%) <0.001a

Sweet food n (%) 39(47.56%) 100(18.54%) 0.003a

Mean daily sleep<6h, n (%) 39(47.56%) 44(13.37%) <0.001a

Osteopenia, n (%) 69(84.15%) 70(21.28%) <0.001a

Decreased estrogen levels, n (%) 55(67.07%) 123(37.39%) <0.001a

Hb,g/L, median,(IQR) 131.50(123.75–143.25) 134.00(127.00–42.00) 0.564b

BG,mmol/L, median,(IQR) 5.60(5.04–6.41) 4.97(4.66–5.40) <0.001b

Ca,mmol/L, median,(IQR) 2.35(2.23–2.42) 2.34(2.25–2.43) 0.447b

TC,mmol/L, median,(IQR) 4.52(4.00–5.42) 5.12(4.49–5.77) <0.001b

LDL-C,mmol/L, median,(IQR) 2.55(2.18–3.33) 3.18(2.69–3.64) <0.001b

HDL-C,mmol/L, median,(IQR) 1.33(1.13–1.48) 1.48(1.27–1.71) <0.001b

TG,mmol/L, median,(IQR) 1.14(0.84–1.54) 1.14(0.82–1.60) 0.976b

Lp(a),mmol/L, median,(IQR) 19.21(8.45–49.82) 12.83(9.21–18.82) 0.001b

Hcy,umol/L, median,(IQR) 10.80(8.68–13.03) 8.90(7.40–10.50) <0.001b

Notes: aχ2 test, categorical variables were indicated as proportions. bWilcoxon Test, continuous variables as the median with the 
interquartile range. P < 0.05 statistically significant difference. 
Abbreviations: Hb, hemoglobin; BG, blood glucose; Ca, calcium; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; Lp(a), lipoprotein; Hcy, plasma homocysteine.
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(1.40–21.93); p= 0.015), reproductive life (OR = 0.15; 95% CI: (0.02–0.90); p =0.037), sweet food(OR =2.66; 95% CI: 
(1.05–6.73); p= 0.040), mean daily sleep <6h (OR = 3.68; 95% CI: (1.39–9.78); p= 0.009), gestational obesity (OR = 
4.90; 95% CI: (1.85–13.00); p= 0.001), LDL-C (OR = 2.80; 95% CI: (1.01–7.73); p =0.048), Lp(a) (OR = 0.97; 95% CI: 
(0.95–0.99); p= 0.002), Hcy (OR = 0.84; 95% CI: (0.74–0.94); p =0.003), osteopenia (OR = 6.15; 95% CI: (2.33–16.24); 
p < 0.001), and decreased estrogen levels (OR =3.40; 95% CI: (1.31–8.82) p=0.012) were influencing factors of MACE 
(Table 2).

Construction and Comparison of MACE Risk Prediction Models in Perimenopausal 
Women
The importance analysis of independent variables in the RF model showed that the order of importance was osteoporosis, 
gestational obesity, central obesity, Hcy, LDL-C, literacy level, Lp(a), age of menarche, average sleep time less than 6h 
per day, decreased estrogen level, reproductive life, and sweet tooth (Figure 1). RF model cross-validation indicated that 
the OOB error rate was lowest when mtry=3 and ntree=600. The accuracy was 88.62%, the sensitivity was 88.24%, the 
specificity was 92.16%, and the AUC was 0.948 (95CI:0.925~0.971). The model fit was the best when the 3-layer BP 
neural network was constructed with a hidden layer of 5. The accuracy, sensitivity, and specificity of the model in the 
verification set were 85.37%, 87.10%, 80.00%, and the AUC was 0.921 (95CI:0.889~0.956). The occurrence of MACE 

Table 2 Multivariate Logistic Regression Analysis of 
Influencing Factors of Major Adverse Cardiovascular 
Events in Perimenopausal Women

Variables Multivariable 
aOR (95% CI)

P value

Overweight/obesity 1.57(0.58–4.30) 0.376
High school and above 0.22(0.08–0.92) 0.036*

Non-physical work 0.52(0.20–1.38) 0.190

Hypertension 1.06(0.41–2.75) 0.091
Central obesity 7.73(2.40–24.94) 0.001**

Family history 2.78(0.92–8.36) 0.070
Age of menarche,>13 5.54(1.40–21.93) 0.015*

Age of menopause,>47 4.02(0.73–22.01) 0.109

Reproductive life,>30 0.15(0.02–0.90) 0.037*
Salting diet 1.94(0.74–5.11) 0.181

Sweetmeat 2.66(1.05–6.73) 0.040*

Mean daily sleep<6h 3.68(1.39–9.78) 0.009**
Gestational obesity 4.90(1.85–13.00) 0.001**

BG 1.08(0.76–1.53) 0.671

TC 0.91(0.41–1.99) 0.804
LDL-C 2.80(1.01–7.73) 0.048*

HDL-C 2.40(0.48–11.92) 0.284

Lp(a) 0.97(0.95–0.99) 0.002**
Hcy 0.83(0.74–0.94) 0.003**

Osteopenia 6.15(2.33–16.24) <0.001**

Decreased estrogen levels 3.40(1.31–8.82) 0.012*

Notes: aVariables from univariate logistic regression with P < 0.1 were 
included in the multivariate logistic regression model using a forward 
stepwise logistic regression analysis and removed with P > 0.05.*p<0.05, 
**p<0.01. 
Abbreviations: OR, odds ratio; CI, confidence interval; Hb, hemoglobin; 
BG, blood glucose; Ca, calcium; TC, total cholesterol; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, 
triglyceride; Lp(a), lipoprotein; Hcy, plasma homocysteine.
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in perimenopausal women was taken as the dependent variable, and the influential factors with statistical significance in 
the multivariate logistic regression analysis were taken as the input variables of the model. The accuracy, sensitivity, and 
specificity of the LR in the verification set were 87.90%, 77.78%, and 89.62%, with an AUC of 0.866 
(95CI:0.826~0.902). In the verification set, the accuracy (88.62%) and specificity (92.16%) of the RF model were higher 
than those of the BPNN model and the LR model. Moreover, the F1 index (0.727) of the BPNN model was higher than 
those of the RF model and LR model. When model indexes were inconsistent, the AUC value of the area under the ROC 
curve was used for comparison. The AUC value of the three prediction models was >0.8, with the RF model (0.948) > 
BPNN model (0.921) > LR model (0.866). The difference in AUC between the RF model and the LR model was 
statistically significant (Z=2.27, P=0.0231), while pairwise comparison of other models showed no statistical difference 
(Table 3 and Figure 2).

Discussion
Risk factors for MACE in perimenopausal women include the level of education, central obesity, gestational obesity, age 
at menarche, reproductive life span, sweet tooth, average sleep time less than 6 h per day, osteoporosis or bone mass loss, 

Figure 1 Risk prediction of major cardiovascular adverse events in perimenopausal women by random forest algorithm. 
Abbreviations: Hcy, plasma homocysteine; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein.

Table 3 Comparison of Evaluation Performance of RF Model, BPNN Model, and Logistic Regression Model 
on Test Set

Evaluation Index Accuracy (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) F1

RF model 88.62 88.24 92.16 55.56 97.92 0.682

BPNN model 85.37 87.10 80.00 66.67 93.10 0.727
Logistic regression model 87.90 77.78 89.62 56.00 95.90 0.652

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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decreased estrogen levels, LDL-C, Lp(a), Hcy, etc. Among them, osteoporosis or bone loss, central obesity, and Hcy 
were the top three important factors in the occurrence of MACE in perimenopausal women.

The decreased estrogen level, increased bone resorption, and decreased bone formation lead to vascular calcification, 
which leads to adverse changes such as decreased blood vessel wall elasticity and increased pulse pressure, accelerating 
the occurrence of cardiovascular diseases. Prior research have confirmed that osteoporosis was an independent risk factor 
for coronary artery disease (OR=4.42).16 The results of this study showed that the risk of MACE in perimenopausal 
women with bone loss odds ratio osteoporosis was 6.15 times that of women with normal bone mass. Previous studies 
have shown that the prevalence of central obesity in perimenopausal women was 60.5%.17 Additionally, a series of chain 
reactions caused by gestational obesity, such as gestational hypertension, insulin resistance, and abnormal lipid levels, are 
associated with cardiovascular adverse events. Many studies have confirmed a correlation between women who remain 
obese from 3 to 12 months postpartum and an increased risk of MACE.18,19 In this study, 40.61% of perimenopausal 
women with central obesity were at risk for MACE. Our findings also indicate that decreased levels of Hcy, LDL-C, 
Lp(a), and estrogen were independent risk factors for MACE in perimenopausal women. Furthermore, Lp(a) has 
atherogenic properties associated with LDL-C components, and the oxidized phospholipids produced by Lp(a) binding 
to apolipoproteins promote inflammation and endothelial dysfunction, leading to cardiovascular disease and related 
complications.20 Studies have shown that Lp(a)>30 mg/dL after menopause is an independent risk factor for MACE.21 

Zhang et al showed that a Hcy level 12% higher than the upper normal limit increased the risk of MACE by 3.4 times.22 

In addition, the level of education is influenced by various factors such as health awareness and behavior, social support, 
and economic status. However, individuals with higher levels of education typically exhibit better health awareness and 
have access to more resources, which can help reduce the risk of MACE. A nationally representative cohort study of 
6198 postmenopausal women found that the highest MACE risk was observed in women with a menarche at ≥17 years 
and a reproductive life span ≤28 years.23 The results of this study showed that each 1-year increase in age at menarche 
was associated with a 5.44-fold higher risk of MACE versus non-MACE. Similar to prior findings, our results 
demonstrated that for each year of increased reproductive life, the risk of MACE decreased by 3.7%.23,24 This may 
reduce the MACE risk by affecting endogenous estrogen levels, improving vascular endothelial function, regulating 
inflammation and immune responses, and promoting metabolic health.

Diet and sleep habits are part of individual behavioral characteristics. Quesada et al found that lifestyle habits, 
including diet, are important risk factors for cardiovascular disease death in menopausal women.25 Nonetheless, this 
study found that perimenopausal women with a preference for sweet foods had a higher risk of MACE; however, the 
specific intake levels require further investigation. Sleep disorders are one of the most common symptoms in 

Figure 2 The ROC curve of the risk assessment model predicted perimenopausal MACEs in the test set. 
Abbreviations: RF, random forest; BPNN, backpropagation neural network.
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perimenopausal women, peaking in late perimenopause and continuing into late menopause. Studies have shown that 
40%-60% of perimenopausal and postmenopausal women have difficulty falling asleep, and 50% of postmenopausal 
women with sleep disorders have a sleep time of <6h.26 Our study found that women sleeping less than 6 hours per night 
had a 3.68-fold higher risk of MACE compared to those sleeping more than 6 hours. Changes such as increased cortisol 
levels and sympathetic nerve excitation caused by lack of sleep increase the risk of cardiovascular disease.27 Therefore, 
sleep health assessment should be included as an important part of cardiovascular health management in perimenopausal 
women.

In this study, we constructed three prediction models using multiple machine-learning algorithms and evaluate them 
using sensitivity, specificity, and AUC indicators. The results showed that both the RF model and the LR model had 
lower F1 scores compared to the BPNN model, which might be attributed to the BPNN model’s superior capability in 
handling complex factor relationships.28 However, the RF model exhibited higher accuracy and sensitivity than the other 
two models. The AUC and accuracy metrics for all three models surpassed 0.80. Additionally, the AUC of the RF model 
in the training set was not significantly different from that of the BPNN model (0.948 vs 0.921), we discovered that the 
RF model outperformed the other models but that all showed clinical utility. Different models possess distinct 
advantages. The LR model excels in explaining individual factors and performs well with fewer characteristics, but it 
struggles to capture complex relationships. BPNN has strong nonlinear modeling and general approximation capabilities, 
making it suitable for complex pattern recognition tasks. However, its training process can get trapped in local minima, 
and it requires substantial computing resources and data. The RF model improves model accuracy and robustness by 
integrating multiple decision trees, effectively handling high-dimensional data and preventing overfitting with minimal 
data type requirements. It automatically analyzes predictor interactions and nonlinear effects, utilizing data through 
resampling with replacement to enhance predictive performance, resulting in more accurate, stable, and robust outcomes.

Therefore, after evaluating the performance of all constructed prediction models, the RF model was deemed optimal 
for forecasting MACE in perimenopausal women. Its clinical application can enhance screening rates, provide early risk 
alerts, and enable timely prevention, thus reducing the incidence of MACE in perimenopausal women.

However, there are some limitations. First, this study is a single-site study, the sample size may not adequately 
represent the broader population. Second, data on variables like age at menarche were collected via patient self-reports, 
potentially introducing bias. Thrid, The risk prediction model has undergone only internal validation and lacks external 
validation; therefore, its generalization ability remains unproven. Third, the risk prediction model has undergone only 
internal validation and lacks external validation, potentially limiting its practical application. In the future, we should 
improve and combine a variety of machine learning algorithms machine learning algorithms to develop more author-
itative models, thereby improving research accuracy and generalization.

Conclusion
In summary, we constructed and validated several prediction models for MACE in perimenopausal women using 
machine learning algorithms, with the RF model demonstrating better performance. The top three risk factors are 
osteoporosis or bone loss, gestational obesity, and central obesity. Additionally, gestational obesity and central obesity 
are easily assessable and conducive to intervention, aiding in early screening and guiding patients in health management 
to reduce the risk of MACE in perimenopausal women.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable 
request.
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