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 ## ===== Packages (minimal) =====
# install.packages(c("lme4","pROC"))  # run once if needed
library(lme4)
library(pROC)

set.seed(42)

## ===== Load data =====
mydata <- read.csv("D:/thesis/implementation/data/scenario/article6/mydata.csv",
                   stringsAsFactors = FALSE)

## ===== Checks & core types =====
req <- c("code","Index1","CVD1st","sex_3")
miss <- setdiff(req, names(mydata))
if (length(miss)) stop("Missing required columns: ", paste(miss, collapse=", "))

keep <- !is.na(mydata$code) & !is.na(mydata$Index1) &
        !is.na(mydata$CVD1st) & !is.na(mydata$sex_3)
mydata <- mydata[keep, , drop = FALSE]

mydata$code   <- as.factor(mydata$code)
mydata$Index1 <- as.numeric(mydata$Index1)
mydata$CVD1st <- as.numeric(mydata$CVD1st)
mydata$sex_3  <- as.factor(mydata$sex_3)

# Ensure sex_3 constant within subject
tmp <- aggregate(sex_3 ~ code, data = mydata, function(v) length(unique(v)))
if (any(tmp$sex_3 > 1)) stop("sex_3 varies within some subjects; fix before modeling.")

## ===== Feature set (exclude ID, time, outcome, and sex_3) =====
feature_cols <- setdiff(names(mydata), c("code","Index1","CVD1st","sex_3"))

# Convert character features to factors (for consistency at predict-time)
if (length(feature_cols)) {
  ch <- feature_cols[sapply(mydata[, feature_cols, drop=FALSE], is.character)]
  for (cn in ch) mydata[[cn]] <- as.factor(mydata[[cn]])
}

## ===== Utilities =====

# Subject-level 80/20 split (base R)
split_ids_80_20 <- function(ids) {
  ids <- as.character(unique(ids))
  if (length(ids) < 3) return(list(train = ids, test = ids[0]))
  ntr <- max(2, floor(0.8 * length(ids)))
  tr  <- sample(ids, ntr)
  list(train = tr, test = setdiff(ids, tr))
}

# Scale numerics using TRAIN stats (returns modified tr, te)
scale_numerics_from_train <- function(tr, te, cols) {
  num <- cols[sapply(tr[, cols, drop=FALSE], is.numeric)]
  if (!length(num)) return(list(tr=tr, te=te))
  for (cn in num) {
    m <- mean(tr[[cn]], na.rm = TRUE); s <- sd(tr[[cn]], na.rm = TRUE)
    if (!is.finite(s) || s == 0) s <- 1
    tr[[cn]] <- (tr[[cn]] - m) / s
    te[[cn]] <- (te[[cn]] - m) / s
  }
  list(tr=tr, te=te)
}

# Drop constant TRAIN features (helps convergence)
drop_constant_in_train <- function(tr, cols) {
  keep <- logical(length(cols))
  for (i in seq_along(cols)) {
    v <- tr[[ cols[i] ]]
    keep[i] <- if (is.numeric(v)) sd(v, na.rm = TRUE) > 0 else length(unique(v[!is.na(v)])) > 1
  }
  cols[keep]
}

## ===== Fit & get TRAIN and TEST AUC for one sex =====
fit_train_test_auc_one_sex <- function(sex_label) {
  d <- mydata[mydata$sex_3 == sex_label, , drop = FALSE]
  if (nrow(d) == 0) {
    return(data.frame(
      sex_3 = sex_label, n_train_subj = 0, n_test_subj = 0,
      train_pos = NA, train_neg = NA, AUC_train = NA, AUCtr_L = NA, AUCtr_U = NA,
      test_pos  = NA, test_neg  = NA, AUC_test  = NA, AUCte_L = NA, AUCte_U = NA
    ))
  }

  ids <- unique(d$code)
  sp  <- split_ids_80_20(ids)
  tr  <- d[d$code %in% sp$train, , drop = FALSE]
  te  <- d[d$code %in% sp$test,  , drop = FALSE]

  if (length(unique(tr$code)) < 2 || length(unique(te$code)) < 1) {
    return(data.frame(
      sex_3 = sex_label,
      n_train_subj = length(unique(tr$code)),
      n_test_subj  = length(unique(te$code)),
      train_pos = sum(tr$CVD1st == 1, na.rm = TRUE),
      train_neg = sum(tr$CVD1st == 0, na.rm = TRUE),
      AUC_train = NA, AUCtr_L = NA, AUCtr_U = NA,
      test_pos  = sum(te$CVD1st == 1, na.rm = TRUE),
      test_neg  = sum(te$CVD1st == 0, na.rm = TRUE),
      AUC_test  = NA, AUCte_L = NA, AUCte_U = NA
    ))
  }

  # Drop constant train features and scale numerics (incl. Index1)
  feats <- drop_constant_in_train(tr, feature_cols)
  sn <- scale_numerics_from_train(tr, te, c("Index1", feats))
  tr <- sn$tr; te <- sn$te

  # Random-effects structure
  reps <- tapply(tr$Index1, tr$code, function(v) length(unique(v[!is.na(v)])))
  reps[is.na(reps)] <- 0
  use_random_slope <- length(reps) > 0 && all(reps >= 2)
  re_part <- if (use_random_slope) "(1 + Index1 | code)" else "(1 | code)"

  fixed_part <- if (length(feats)) paste(c("Index1", feats), collapse = " + ") else "Index1"
  form <- as.formula(paste("CVD1st ~", fixed_part, "+", re_part))

  # Fit with fallback
  fit_try <- try(
    glmer(form, data = tr, family = binomial(),
          control = glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 2e5))),
    silent = TRUE
  )
  if (inherits(fit_try, "try-error") || isSingular(fit_try, tol = 1e-4)) {
    form2 <- as.formula(paste("CVD1st ~", fixed_part, "+ (1 | code)"))
    fit_try <- glmer(form2, data = tr, family = binomial(),
                     control = glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 2e5)))
  }

  ## ===== TRAIN predictions (marginal over RE) =====
  p_tr <- suppressWarnings(plogis(predict(fit_try, newdata = tr, re.form = NA)))
  ok_tr <- is.finite(p_tr) & !is.na(tr$CVD1st)
  p_tr <- p_tr[ok_tr]; y_tr <- tr$CVD1st[ok_tr]

  if (length(p_tr) == 0 || length(unique(y_tr)) < 2) {
    AUC_train <- NA; AUCtr_L <- NA; AUCtr_U <- NA
  } else {
    r_tr <- pROC::roc(response = y_tr, predictor = p_tr, quiet = TRUE)
    AUC_train <- as.numeric(pROC::auc(r_tr))
    ci_tr <- as.numeric(pROC::ci.auc(r_tr))
    AUCtr_L <- ci_tr[1]; AUCtr_U <- ci_tr[3]
  }

  ## ===== TEST predictions (marginal over RE) =====
  p_te <- suppressWarnings(plogis(predict(fit_try, newdata = te, re.form = NA)))
  ok_te <- is.finite(p_te) & !is.na(te$CVD1st)
  p_te <- p_te[ok_te]; y_te <- te$CVD1st[ok_te]

  if (length(p_te) == 0 || length(unique(y_te)) < 2) {
    AUC_test <- NA; AUCte_L <- NA; AUCte_U <- NA
  } else {
    r_te <- pROC::roc(response = y_te, predictor = p_te, quiet = TRUE)
    AUC_test <- as.numeric(pROC::auc(r_te))
    ci_te <- as.numeric(pROC::ci.auc(r_te))
    AUCte_L <- ci_te[1]; AUCte_U <- ci_te[3]
  }

  data.frame(
    sex_3 = sex_label,
    n_train_subj = length(unique(tr$code)),
    n_test_subj  = length(unique(te$code)),
    train_pos = sum(y_tr == 1, na.rm = TRUE),
    train_neg = sum(y_tr == 0, na.rm = TRUE),
    AUC_train = AUC_train, AUCtr_L = AUCtr_L, AUCtr_U = AUCtr_U,
    test_pos  = sum(y_te == 1, na.rm = TRUE),
    test_neg  = sum(y_te == 0, na.rm = TRUE),
    AUC_test  = AUC_test, AUCte_L = AUCte_L, AUCte_U = AUCte_U
  )
}

## ===== Run per sex_3 level & show TRAIN and TEST AUC =====
sex_levels <- levels(mydata$sex_3)
results <- do.call(rbind, lapply(sex_levels, fit_train_test_auc_one_sex))
print(results, row.names = FALSE)





###########95% CI for AUC##################

# === TEST-only AUROC + 95% CI per sex_3 (no threshold metrics) ===
fit_test_auc_one_sex <- function(sex_label, boot_n = 2000, conf_level = 0.95, seed = 42) {
  d <- mydata[mydata$sex_3 == sex_label, , drop = FALSE]
  if (nrow(d) == 0) {
    return(data.frame(
      sex_3 = sex_label, n_train_subj = 0, n_test_subj = 0,
      test_pos = NA, test_neg = NA, AUC_test = NA, AUCte_L = NA, AUCte_U = NA
    ))
  }

  # Subject-level split (80/20 as before)
  ids <- unique(d$code)
  sp  <- split_ids_80_20(ids)
  tr  <- d[d$code %in% sp$train, , drop = FALSE]
  te  <- d[d$code %in% sp$test,  , drop = FALSE]

  if (length(unique(tr$code)) < 2 || length(unique(te$code)) < 1) {
    return(data.frame(
      sex_3 = sex_label,
      n_train_subj = length(unique(tr$code)),
      n_test_subj  = length(unique(te$code)),
      test_pos  = sum(te$CVD1st == 1, na.rm = TRUE),
      test_neg  = sum(te$CVD1st == 0, na.rm = TRUE),
      AUC_test  = NA, AUCte_L = NA, AUCte_U = NA
    ))
  }

  # Prep features & scaling
  feats <- drop_constant_in_train(tr, feature_cols)
  sn <- scale_numerics_from_train(tr, te, c("Index1", feats))
  tr <- sn$tr; te <- sn$te

  # Random-effects structure
  reps <- tapply(tr$Index1, tr$code, function(v) length(unique(v[!is.na(v)])))
  reps[is.na(reps)] <- 0
  use_random_slope <- length(reps) > 0 && all(reps >= 2)
  re_part <- if (use_random_slope) "(1 + Index1 | code)" else "(1 | code)"

  fixed_part <- if (length(feats)) paste(c("Index1", feats), collapse = " + ") else "Index1"
  form  <- as.formula(paste("CVD1st ~", fixed_part, "+", re_part))
  form2 <- as.formula(paste("CVD1st ~", fixed_part, "+ (1 | code)"))

  # Fit with safe fallbacks
  safe_fit <- function(fm) {
    suppressWarnings(try(
      lme4::glmer(fm, data = tr, family = binomial(),
                  control = glmerControl(optimizer = "bobyqa",
                                         optCtrl   = list(maxfun = 2e5))),
      silent = TRUE
    ))
  }
  fit_try <- safe_fit(form)
  if (inherits(fit_try, "try-error") || !inherits(fit_try, "merMod") ||
      (inherits(fit_try, "merMod") && isSingular(fit_try, tol = 1e-4))) {
    fit_try <- safe_fit(form2)
  }
  if (inherits(fit_try, "try-error") || !inherits(fit_try, "merMod")) {
    message(sprintf("[WARN] Model failed for sex_3=%s; returning NA.", sex_label))
    return(data.frame(
      sex_3 = sex_label,
      n_train_subj = length(unique(tr$code)),
      n_test_subj  = length(unique(te$code)),
      test_pos  = sum(te$CVD1st == 1, na.rm = TRUE),
      test_neg  = sum(te$CVD1st == 0, na.rm = TRUE),
      AUC_test  = NA, AUCte_L = NA, AUCte_U = NA
    ))
  }

  # TEST predictions (marginal over RE)
  p_te <- suppressWarnings(plogis(predict(fit_try, newdata = te, re.form = NA)))
  ok_te <- is.finite(p_te) & !is.na(te$CVD1st)
  p_te <- p_te[ok_te]; y_te <- te$CVD1st[ok_te]

  if (length(p_te) == 0 || length(unique(y_te)) < 2) {
    AUC_test <- NA; AUCte_L <- NA; AUCte_U <- NA
  } else {
    r_te <- pROC::roc(response = y_te, predictor = p_te, quiet = TRUE)
    AUC_test <- as.numeric(pROC::auc(r_te))
    set.seed(seed)
    ci_te <- tryCatch(
      pROC::ci.auc(r_te, conf.level = conf_level, method = "bootstrap",
                   boot.n = boot_n, boot.stratified = TRUE, progress = "none"),
      error = function(e) pROC::ci.auc(r_te)  # fallback to DeLong
    )
    ci_te <- as.numeric(ci_te)
    AUCte_L <- ci_te[1]; AUCte_U <- ci_te[3]
  }

  data.frame(
    sex_3 = sex_label,
    n_train_subj = length(unique(tr$code)),
    n_test_subj  = length(unique(te$code)),
    test_pos  = sum(y_te == 1, na.rm = TRUE),
    test_neg  = sum(y_te == 0, na.rm = TRUE),
    AUC_test  = AUC_test, AUCte_L = AUCte_L, AUCte_U = AUCte_U
  )
}

# Run for men & women (all levels of sex_3), TEST-only AUC + 95% CI
sex_levels <- levels(mydata$sex_3)
results <- do.call(rbind, lapply(sex_levels, fit_test_auc_one_sex))
print(results, row.names = FALSE)









