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Dear Editor-in-Chief 
 
Stroke is a leading cause of disability and death 
among elderly women in developed countries (1). 
Because the incidence of stroke dramatically in-
creases after menopause, most women experi-
ence stroke relatively late in life. Furthermore, the 
stroke incidence is particularly high in Asians and 
blacks (1, 2). In 2017, the prevalence of stroke in 
elderly South Korean women was 5.1% (3). 
Although menopause is a pathophysiological 
change that begins at an average age of 50 years, 
the mechanism by which menopause exerts its 
effects on vascular incidents remains unknown 
(4). Although the majority of strokes can be at-
tributed to risk factors common to both men and 
women, including high blood pressure, high cho-
lesterol levels, diabetes, smoking, and overweight 
status, there are a number of stroke risk factors 
that are specific to women, including those that 
involve sex hormones and exogenous estrogens 
(5). 
Artificial neural network (ANN) prediction mod-
els are now used in many areas of healthcare re-
search (6). ANN models are ideal for predicting 
disease prevalence in individuals, as they involve 
calculating nonlinear correlations between inde-
pendent and outcome variables until a high level 
of accuracy is achieved (7).  

Therefore, we aimed to develop an effective 
ANN model for predicting stroke in post-
menopausal women based on data from the Ko-
rea National Health and Nutrition Examination 
Survey (KNHANES). 
We extracted data, including age, income, educa-
tional attainment, physical exercise, body mass 
index, waist circumference, smoking and drinking 
habits, and food intake, from the KNHANES 
2010–2015 databases. Daily energy intake was 
assessed via 24-h recall and food-intake frequen-
cy methods. The data on all variables were then 
transformed into values ranging from 0 to 1 us-
ing the MinMaxScalar class from the pre-
processing module of the Python scikit-learn li-
brary. After data processing, the entire data set 
was split into training and test sets at a ratio of 
approximately 7:3. The ANN model consisted of 
an input layer of 9 dimensions, hidden layer of 12 
dimensions, and output layer of 1 dimension. 
The network was trained using stochastic gradi-
ent descent and optimized using Adam optimizer 
with a learning rate of 0.001. The neural network 
was trained for 100 epochs. We used the Rectifed 
Linear Unit activation function at each layer and 
the Sigmoid at the output layer. A dropout regu-
larization of 30% was applied at the input layer, 
and the categorical cross entropy error function 
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for binary classification was used as the loss func-
tion (Fig. 1). The ANN model was implemented 
using the Tensorfow framework (version 1.12.0). 
We calculated the accuracy of the test set to 
measure the performance of the prediction mod-

el. Probability estimates were calculated to plot a 
receiving operating characteristic (ROC) curve 
for the model, and the ROC curve was used to 
measure the predictive performance of the mod-
el.

 

 
Fig. 1: Plot of train and validation loss as a function of epoch 

 
The mean age of the 8524 participants included 
in the study was 64.2 years, and the stroke preva-
lence was 3.4%. After normalization of all varia-
bles, the ANN model achieved a relatively high 

accuracy rate of 0.966. The area under the ROC 
curve for the ANN prediction models was 0.689 
(95% confidence interval = 0.626–0.752) (Fig. 2).  

 

 
Fig. 2: Receiver operating characteristics (ROC) curves for artificial neural network in prediction of stroke 
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ANN models have recently been used to predict 
the occurrence of many diseases, including hyper-
tension, diabetes, and heart failure (8–10). In this 
study, we developed a high-performance stroke 
prediction ANN model based on sociodemo-
graphic variables. This prediction model, based 
on nationwide survey data, can be used as a pre-
liminary screening tool to identify post-
menopausal women at high risk of stroke. The 
ANN-based prediction model may increase the 
chance of early intervention and reduce treatment 
costs. 
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