Supplementary material . R code for machine learning

df_super = read.csv("i63_final_3_v10_20240805_superclass.csv",fileEncoding = "euc-kr")

df_super = na.omit(df_super[,-c(1,2)])
#df_sub = read.csv("i63_final_3_v10_20240805_subclass.csv",fileEncoding = "euc-kr")
table(df_super$goodoutcome) ## 1 = good, 0 = bad : predict the 1
table(df_super$antithrombotic_superclass) 

df_super$antithrombotic_superclass = as.character(df_super$antithrombotic_superclass)
df_super$antithrombotic_superclass[df_super$antithrombotic_superclass == "Nomedi"] = "No Drug"
df_super$antithrombotic_superclass[df_super$antithrombotic_superclass == "Anticoag"] = "Anticoagulant"
df_super$antithrombotic_superclass[df_super$antithrombotic_superclass == "antipletelet"] = "Antiplatelet"
df_super$antithrombotic_superclass = as.factor(df_super$antithrombotic_superclass)

dummy = dummyVars("~.", data = df_super, fullRank = TRUE)
df_super_encoded = data.frame(predict(dummy, newdata=df_super))

df_super_encoded$goodoutcome = df_super$goodoutcome

names(df_super_encoded) = make.names(names(df_super_encoded), unique=TRUE)

#levels(df_super_encoded$goodoutcome) = make.names(levels(df_super_encoded$goodoutcome), unique=TRUE)

idx = createDataPartition(df_super_encoded$goodoutcome, p=0.7, list=FALSE)
train = df_super_encoded[idx,]
test = df_super_encoded[-idx,]

train$goodoutcome = as.factor(train$goodoutcome)
test$goodoutcome = as.factor(test$goodoutcome)

get_metrics = function(pred, pred_class, actual){
  cm = confusionMatrix(as.factor(pred_class), as.factor(actual))
  accuarcy = cm$overall["Accuracy"]
  sensitivity = cm$byClass["Sensitivity"]
  speficity = cm$byClass["Specificity"]
  ppv = cm$byClass["Pos Pred Value"]
  npv = cm$byClass["Neg Pred Value"]
  roc_obj = roc(actual, pred)
  auc = auc(roc_obj)
  return(list(accuarcy = accuarcy, sensitivity = sensitivity, speficity = speficity, ppv = ppv, npv = npv, auc = auc, roc_obj = roc_obj ))
}

find_optimal_threshold = function(roc_obj){
  coords = coords(roc_obj, "best", ret="threshold", best.method="youden")
  return(coords)
}

log_model = glm(goodoutcome~., data = train,  family = binomial)
log_pred = predict(log_model, newdata = test, type="response")
log_pred_class = ifelse(log_pred > 0.5 , 1, 0)
log_metrics = get_metrics(log_pred, log_pred_class, as.factor(test$goodoutcome))

log_optimal_threshold = find_optimal_threshold(log_metrics$roc_obj)
log_pred_class_opt = ifelse(log_pred > log_optimal_threshold, 1, 0)
log_metrics_opt = get_metrics(log_pred, log_pred_class_opt, as.factor(test$goodoutcome))

start_time = Sys.time()

best_rf_params = list(mtry=5)
rf_model = randomForest(goodoutcome~., data=train, mtry=best_rf_params$mtry)
rf_pred = predict(rf_model, newdata = test, type="prob")[,2]
rf_pred_class = predict(rf_model, newdata = test)
rf_metrics = get_metrics(rf_pred, rf_pred_class, as.factor(test$goodoutcome))

rf_time = Sys.time() - start_time
cat("Random Forest training time: ", rf_time, "\n")

rf_optimal_threshold = find_optimal_threshold(rf_metrics$roc_obj)
rf_pred_class_opt = ifelse(rf_pred > rf_optimal_threshold, 1, 0)
rf_metrics_opt = get_metrics(rf_pred, rf_pred_class_opt, as.factor(test$goodoutcome))

start_time = Sys.time()

best_svm_params = list(C=0.5, sigma = 0.1)
svm_model= svm(goodoutcome~., data = train, cost = best_svm_params$C, gamma=best_svm_params$sigma, probability=TRUE)
svm_pred = predict(svm_model, newdata = test, probability = TRUE)
svm_pred = as.numeric(svm_pred)
svm_pred_class = predict(svm_model, newdata = test)
svm_metrics = get_metrics(svm_pred, svm_pred_class, as.factor(test$goodoutcome))
svm_time = Sys.time() - start_time
cat("SVM training time: ", svm_time, "\n")

#svm_optimal_threshold = find_optimal_threshold(svm_metrics$roc_obj)
#svm_pred_class_opt = ifelse(svm_pred > svm_optimal_threshold, 1, 0)
#svm_metrics_opt = get_metrics(svm_pred, svm_pred_class_opt, as.factor(test$goodoutcome))


print_metrics = function(model_name, metrics){
  cat(paste("\n", model_name, "Model Metrics: \n", sep=""))
  cat(paste("Accuracy: ", metrics$accuarcy,"\n"))
  cat(paste("Sensitivity: ", metrics$sensitivity,"\n"))
  cat(paste("Speficity: ", metrics$speficity,"\n"))
  cat(paste("PPV: ", metrics$ppv,"\n"))
  cat(paste("NPV: ", metrics$npv,"\n"))
  cat(paste("AUROC: ", metrics$auc,"\n"))
}

print_metrics("Logistic regression", log_metrics)
print_metrics("Random Forest", rf_metrics)
print_metrics("SVM", svm_metrics)

cat("\n Metrics with optimal threshold:\n")
print_metrics("Logistic regression (optimal threshold)", log_metrics_opt)
print_metrics("Random Forest (optimal threshold)", rf_metrics_opt)
print_metrics("SVM (optimal threshold)", svm_metrics)


log_ci_opt = ci.auc(log_metrics_opt$roc_obj)
rf_ci_opt = ci.auc(rf_metrics_opt$roc_obj)
svm_ci_opt = ci.auc(svm_metrics$roc_obj)

cat("\nLogistic Regrssion AUROC CI: ", log_ci_opt, "\n")
cat("\nRandom Forest AUROC CI: ", rf_ci_opt, "\n")
cat("\nSVM AUROC CI: ", svm_ci_opt, "\n")

plot.roc(log_metrics$roc_obj, col="blue", lwd=2, main="ROC Curves for Logistic Regression, SVM and Random Forest")
plot.roc(rf_metrics$roc_obj, col="red", lwd=2, add=TRUE)
plot.roc(svm_metrics$roc_obj, col="green", lwd=2, add=TRUE)
legend("bottomright", legend=c("Logistic Regression", "Random Forest", "SVM"), col=c("blue","red","green"), lwd= 2)
log_confMatrix = confusionMatrix(as.factor(log_pred_class_opt), test$goodoutcome)
print(log_confMatrix)

rf_confMatrix = confusionMatrix(as.factor(rf_pred_class_opt), test$goodoutcome)
print(rf_confMatrix)

svm_confMatrix = confusionMatrix(as.factor(svm_pred_class), test$goodoutcome)
print(svm_confMatrix)
log_roc_data = data.frame(
  sensitivity = log_metrics$roc_obj$sensitivities,
  specificity = 1 - log_metrics$roc_obj$specificities,
  model = "Logistic regression"
)

rf_roc_data = data.frame(
  sensitivity = rf_metrics$roc_obj$sensitivities,
  specificity = 1 - rf_metrics$roc_obj$specificities,
  model = "Random Forest"
)

svm_roc_data = data.frame(
  sensitivity = svm_metrics$roc_obj$sensitivities,
  specificity = 1 - svm_metrics$roc_obj$specificities,
  model = "SVM"
)

roc_data = rbind(log_roc_data, rf_roc_data, svm_roc_data)

ggplot(roc_data, aes(x= specificity, y=sensitivity, color=model)) + 
  geom_line(size =1) + 
  geom_abline(linetype = "dashed", color="gray") + 
  labs(title = "ROC Curves for Logistic regression, Random Forest, and SVM", x="1-Specificity", y="Sensitivity") + 
  theme_minimal() + 
  scale_color_manual(values = c("blue","red","green")) + 
  theme(legend.position = "bottom")

importance_rf<-importance(rf_model)
importance_rf_df <-data.frame(Variable=rownames(importance_rf),Importance=importance_rf[,1])

#sorting by importance
importance_rf_df<-importance_rf_df[order(-importance_rf_df$Importance),]


library(ggplot2)

ggplot(importance_rf_df,aes(x=reorder(Variable,Importance),y=Importance)) + 
  geom_bar(stat="identity",fill="steelblue") +
  coord_flip() +
  labs(title="Variable importance of Random Forest model",x="Variables",y="Importance")+
  theme_minimal()


