R Code for Analysis
#######################
#All required packages#
#######################
library(haven)
library(dplyr)
library(psych)
library(lubridate)
library(dplyr)
library(tidyr)
library(epitools)
library(ggplot2)
library(SpaDES)
library(MASS)
library(sandwich)
library(multcomp)
library(writexl)
library(forestplot)
library(ggh4x)
library(ggstance)

setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters")
##################
#Import and Clean#
##################
install.packages("haven")
install.packages("dplyr")
install.packages("psych")
install.packages("lubridate")
library(haven)
library(dplyr)
library(psych)
library(lubridate)


## IMPORT AND MERGE DATA ##

setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters/Data")
Data <- read_stata(
  "AVData.dta",
  encoding = NULL,
  col_select = NULL,
  skip = 0,
  n_max = Inf,
  .name_repair = "unique"
)
Data <- Data[Data$MPDS_card != 50,] #remove IHTs

#Import IRSAD data linked to postcode.
postIRSAD <- read.csv("IRSAD.csv")
colnames(postIRSAD) <- c("patientpostcode", "decile")
#convert to quintiles.
postIRSAD <- postIRSAD %>%
  mutate(quintile = round(decile/2 + 0.01,0))
with(postIRSAD,table(quintile,decile)) 

#import case priorities 
case_pri <- read.csv("case_priorities.csv") 
head(case_pri)
str(case_pri)
length(unique(case_pri$research_id))
summary(case_pri)# no cleaning required 

Data <- Data%>%
  left_join(case_pri, by = "research_id")%>%
  mutate(finaldispatchcode_upd = factor(finaldispatchcode_upd))

length(unique(Data$research_id)) - length(unique(case_pri$research_id)) #239597 ids not matched. Most likely from IHTs



## CLEANING ##


#Check Data structure and formats.
str(Data)
#Check that the range for both year and month are correct
summary(Data$year)
summary(Data$month)
#Check NAs and that the variable is binary. Convert to Factor.
summary(Data$emergency_amb)
table(Data$emergency_amb)
emergency_amb <- factor(Data$emergency_amb,
                        levels = c(0,1), 
                        labels = c("No","Yes"))
table(emergency_amb,Data$emergency_amb) #Check conversion is done correctly.
Data$emergency_amb <- emergency_amb
#Look at Event type variables 
table(Data$initialeventtype)
table(Data$finaleventtype[Data$finaleventtype == "10A1"|Data$finaleventtype == "10C1"],
      Data$MPDS_card[Data$finaleventtype == "10A1"|Data$finaleventtype == "10C1"])

View(Data[Data$MPDS_card == 40,]) #need a list of MPDS codes before I can map it properly.

#Look at priority and dispatch code
summary(Data$initialprioritycode)
summary(Data$finalprioritycode)
table(Data$initialprioritycode,Data$finalprioritycode)
#Check that the priority and dispatch codes are congruent.
table(Data$finaldispatchcode,Data$finalprioritycode)

#convert gender to a factor
table(Data$gender)
gender <- Data$gender
gender[gender == ""] <- NA
gender <- factor(gender)
levels(gender)
table(Data$gender,gender) #good conversion
Data$gender <- gender
summary(gender)

#Check age for reasonable values
summary(Data$patientageyears) #current oldest person in the world is 116 
Data$patientageyears[Data$patientageyears > 116] <- NA
summary(Data$patientageyears) 

#Convert string postcode to numeric 
Data$patientpostcode <- as.numeric(Data$patientpostcode) #NAs in place where postcode is not reported.

#Look at all the diagnosis after primary assessment.
table(Data$finalprimaryassessment)

#Look at all case natures
table(Data$casenature) #case nature more helpful than the case nature path.
table(Data$casenaturepath)

#Convert patient transport flag to a factor.
table(Data$pttransportflag)
pttransportflag <- Data$pttransportflag
pttransportflag[pttransportflag == ""] <- NA 
pttransportflag <- factor(pttransportflag)
table(pttransportflag,Data$pttransportflag) #conversion good
Data$pttransportflag <- pttransportflag

#Look at highest triage priority
table(Data$highesttransportpriority)
#convert to factor
highesttransportpriority <- Data$highesttransportpriority
highesttransportpriority[highesttransportpriority == ""] <- NA
highesttransportpriority <- factor(highesttransportpriority)
levels(highesttransportpriority)
table(Data$highesttransportpriority,highesttransportpriority) #Conversion good
Data$highesttransportpriority <- highesttransportpriority

#Convert MPDS_card to factor
Data$MPDS_card <- as_factor(Data$MPDS_card)

#Match patients to IRSAD
Merge_test <- left_join(Data[c(1:1000),], postIRSAD, by = "patientpostcode")
View(Merge_test[,c("patientpostcode","quintile")]) #Check this against postcode data. Merge has worked

#implement on whole dataset
Data <- left_join(Data, postIRSAD, by = "patientpostcode") 
Data$quintile <- factor(Data$quintile, ordered = T)

Data <- Data%>%
  filter(!is.na(research_id))

Data$weekstart <- floor_date(Data$date,"week")
View(Data[,c("date","weekstart")]) #check this has worked in a calendar. Week start is the Sunday.

#create age groups in 10 year cuts.
summary(Data$patientageyears)
Data$age_groups <- cut(Data$patientageyears, 
                       c(0,19,41,66,85,Inf), 
                       include.lowest = T,
                       right = F )
head(Data[,c("patientageyears","age_groups")]) #good conversion
table(Data$age_groups)
levels(Data$age_groups)[5] <- "85+"

#Import Rurality
rural <- read.csv("Rurality_MMM.csv")
rural <- rural[,c(3,4)]
colnames(rural) <- c("patientpostcode", "MMM")
sum_rural <- rural %>% 
  group_by(patientpostcode) %>%
  summarise(MMM = round(median(MMM)))

Data <- left_join(Data,sum_rural, by = "patientpostcode")

#categories variables for analysis
Data <- Data%>%
  mutate(female_not_female = factor(ifelse(Data$gender == "Female","Female","Not-Female")),
         age_groups2       = cut(patientageyears,c(0,19,41,66,84,Inf), right = F),
         rural_metro       = factor(ifelse(MMM >  2,"Rural","Metro"))
  )

#Look at Transport Status
Data <- Data %>%
  mutate(out = factor(ifelse(finaloutcome == "","Ambulance","ASP"))) #Sent an ambualnce or sent to an alternate service provider
table(Data$out,Data$pttransportflag) 
#this shows us that the final outcome marker is the dispatch outcome and the pt transport flag is if they were transported given they recievd an ambualcne
Data <- Data %>%
  mutate(Trans = factor(ifelse(out == "Ambulance"& pttransportflag == "Y" ,"Ambulance - Transported",
                               ifelse(out == "Ambulance" & pttransportflag == "N","Ambulance - Not Transported","Alternate Service Provider"
                               ))))
table(Data$Trans,Data$out)
levels(Data$Trans)

#save as RDS file
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters/Data")
saveRDS(Data,file = "AVData.RDS")


#############################
#Age Adjusted Incidence Rate#
#############################
library(dplyr)
library(tidyr)
library(epitools)
library(ggplot2)
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters")

#Aggregate data by year
Agg_Data<- Data %>%
  group_by(year) %>%
  summarise(Total  = n(),
            age_0_4   = sum(age_groups == levels(Data$age_groups)[1],na.rm = T),
            age_5_9   = sum(age_groups == levels(Data$age_groups)[2],na.rm = T),
            age_10_14 = sum(age_groups == levels(Data$age_groups)[3],na.rm = T),
            age_15_19 = sum(age_groups == levels(Data$age_groups)[4],na.rm = T),
            age_20_24 = sum(age_groups == levels(Data$age_groups)[5],na.rm = T),
            age_25_29 = sum(age_groups == levels(Data$age_groups)[6],na.rm = T),
            age_30_34 = sum(age_groups == levels(Data$age_groups)[7],na.rm = T),
            age_35_39 = sum(age_groups == levels(Data$age_groups)[8],na.rm = T),
            age_40_44 = sum(age_groups == levels(Data$age_groups)[9],na.rm = T),
            age_45_49 = sum(age_groups == levels(Data$age_groups)[10],na.rm = T),
            age_50_54 = sum(age_groups == levels(Data$age_groups)[11],na.rm = T),
            age_55_59 = sum(age_groups == levels(Data$age_groups)[12],na.rm = T),
            age_60_64 = sum(age_groups == levels(Data$age_groups)[13],na.rm = T),
            age_65_69 = sum(age_groups == levels(Data$age_groups)[14],na.rm = T),
            age_70_74 = sum(age_groups == levels(Data$age_groups)[15],na.rm = T),
            age_75_79 = sum(age_groups == levels(Data$age_groups)[16],na.rm = T),
            age_80_84 = sum(age_groups == levels(Data$age_groups)[17],na.rm = T),
            age_85_89 = sum(age_groups == levels(Data$age_groups)[18],na.rm = T),
            age_90_94 = sum(age_groups == levels(Data$age_groups)[19],na.rm = T),
            age_95_99 = sum(age_groups == levels(Data$age_groups)[20],na.rm = T),
            age_100   = sum(age_groups == levels(Data$age_groups)[21],na.rm = T)
  )

Agg_Data <- t(Agg_Data)

#Import ERP
ERP <- read.csv("Data/ERP_Age_Vic.csv",header = TRUE)[,c(1:11)] #Estimated resident population at the end of June for each age split by year.
str(ERP) #Most of the variables have come up as strings.
ERP <- ERP %>%
  mutate(X2020 = as.numeric(gsub(",","",X2020)),
         X2021 = as.numeric(gsub(",","",X2021)),
         X2022 = as.numeric(gsub(",","",X2022)),
         X2023 = as.numeric(gsub(",","",X2023)),
  )

ERP_sub <- head(ERP,-4) #For some reason the ABS aggregates the last 4 age groups without giving the individual age breakdowns
ERP_sub <- ERP_sub %>% mutate(age_group = cut(as.numeric(ERP_sub$Age), 
                                              c(seq(0,90,5),Inf), 
                                              include.lowest = T,
                                              right = F ))

levels(ERP_sub$age_group) <- rownames(Agg_Data[-c(1,2),])

ERP_Agg <- ERP_sub %>% 
  group_by(age_group) %>%
  summarise(Year_2001_ref = sum(X2001..Ref.),
            Year_2015 = sum(X2015),
            Year_2016 = sum(X2016),
            Year_2017 = sum(X2017),
            Year_2018 = sum(X2018),
            Year_2019 = sum(X2019),
            Year_2020 = sum(X2020),
            Year_2021 = sum(X2021),
            Year_2022 = sum(X2022),
            Year_2023 = sum(X2023))
ERP_Agg2 <- tail(ERP,4)
ERP_Agg2$age_group <- factor(ERP_Agg2$Age)
levels(ERP_Agg2$age_group) <- c("age_100","age_85_89","age_90_94","age_95_99")
ERP_Agg2 <- ERP_Agg2 %>% 
  group_by(age_group) %>%
  summarise(Year_2001_ref = sum(X2001..Ref.),
            Year_2015 = sum(X2015),
            Year_2016 = sum(X2016),
            Year_2017 = sum(X2017),
            Year_2018 = sum(X2018),
            Year_2019 = sum(X2019),
            Year_2020 = sum(X2020),
            Year_2021 = sum(X2021),
            Year_2022 = sum(X2022),
            Year_2023 = sum(X2023))

ERP_Agg <- rbind(ERP_Agg,ERP_Agg2)
saveRDS(ERP_Agg, file = "Aggregated_ERP_Age")

#Set up input matrix
age_std <- data.frame(matrix(data = NA, ncol = 4, nrow = 8))
rownames(age_std) <- colnames(ERP_Agg)[-c(1:3)]
colnames(age_std) <- c("Crude","Adjusted", "lci","uci")

for(i in 1:8) {
  age_std[i,] <- ageadjust.direct(count = Agg_Data[-c(1,2),i], ERP_Agg[,2+i], stdpop = ERP_Agg$Year_2001_ref)
}
age_std <- 10000*age_std
age_std <- cbind(age_std, year = seq(2016,2023))

ggplot(age_std, aes(x = year, y = Adjusted)) +
  geom_line(aes(y = Adjusted), color = "red", linewidth = 0.8,alpha = 1) +
  geom_ribbon(aes(ymin = lci, ymax = uci), fill = "lightpink", alpha = 0.5)+
  geom_line(aes(y = Crude), color = "blue", linewidth = 0.8) +
  coord_cartesian(xlim = c(2016, 2023), ylim = c(0, 1200))+
  scale_x_continuous(breaks = c(2016:2023))+
  labs(x = "Year",y = "Incidence (/10,000)")+
  theme_minimal()+
  theme(panel.grid.minor = element_blank())

######################################
#Aggregating for descriptive analysis#
######################################
#Shows trends in all patient factors and MPDS codes

install.packages("haven")
install.packages("dplyr")
install.packages("psych")
install.packages("lubridate")
install.packages("tidyr")
install.packages("SpaDES")
install.packages("multcomp")
install.packages("sandwich")
library(haven)
library(dplyr)
library(psych)
library(lubridate)
library(tidyr)
library(SpaDES)
library(MASS)
library(sandwich)
library(multcomp)
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters/Data")
Data <- readRDS("AVData.RDS")

#Aggregate Age, gender, emergency ambulance and IRSAD.
Agg_Data<- Data %>%
  mutate(weekstart = floor_date(Data$date,"week"))%>%
  group_by(weekstart) %>% 
  summarise(
    Total  = n(),
    age_0_9   = sum(age_groups == levels(Data$age_groups)[1],na.rm = T),
    age_10_19 = sum(age_groups == levels(Data$age_groups)[2],na.rm = T),
    age_20_29 = sum(age_groups == levels(Data$age_groups)[3],na.rm = T),
    age_30_39 = sum(age_groups == levels(Data$age_groups)[4],na.rm = T),
    age_40_49 = sum(age_groups == levels(Data$age_groups)[5],na.rm = T),
    age_50_59 = sum(age_groups == levels(Data$age_groups)[6],na.rm = T),
    age_60_69 = sum(age_groups == levels(Data$age_groups)[7],na.rm = T),
    age_70_79 = sum(age_groups == levels(Data$age_groups)[8],na.rm = T),
    age_80_89 = sum(age_groups == levels(Data$age_groups)[9],na.rm = T),
    age_90 = sum(age_groups == levels(Data$age_groups)[10],na.rm = T) + sum(age_groups == levels(Data$age_groups)[11],na.rm = T),
    gender_notfemale   = sum(gender == "Male"|gender == "Indeterminate",na.rm = T),
    gender_female   = sum(gender == "Female",na.rm = T),
    emerg_Y   = sum(emergency_amb == "Yes",na.rm = T),
    emerg_N   = sum(emergency_amb == "No",na.rm = T),
    trans_Y   = sum(pttransportflag == "Y", na.rm = T),
    trans_N   = sum(pttransportflag == "N", na.rm = T),
    IRSAD_1   = sum(quintile == 1,na.rm = T),
    IRSAD_2   = sum(quintile == 2,na.rm = T),
    IRSAD_3   = sum(quintile == 3,na.rm = T),
    IRSAD_4   = sum(quintile == 4,na.rm = T),
    IRSAD_5   = sum(quintile == 5,na.rm = T)
  )

#Aggregate MPDS_Code
#As there are numerous levels this is more efficient
Agg_Data_2<- Data %>%
  mutate(weekstart = floor_date(Data$date,"week"))%>%
  group_by(weekstart,MPDS_card) %>% 
  summarise(count = sum(!is.na(weekstart) & !is.na(MPDS_card)), .groups = 'drop')

#Check for zero counts as this will effect compositional data plan
Agg_Data_2[Agg_Data_2$count == 0,] 
#No 0 counts 

Agg_Data_2 <- Agg_Data_2%>%
  pivot_wider(names_from = MPDS_card, values_from = count, values_fill = list(count = 0))

Agg_Data <- cbind(Agg_Data, Agg_Data_2[,-1])
Agg_Data2 <- NULL

#Visualize the unadjusted trend of each variable
COVID_dates <- floor_date(as.Date(c("2020-03-18","2022-10-14")),"week") #just a place holder definiiton for COVID period.
clearPlot()
par(mfrow = c(2,3))
for(i in 2:ncol(Agg_Data)){
  time_data <- ts(Agg_Data[,i])  
  plot(Agg_Data[,1],time_data,
       xlab = "Time",
       ylab = colnames(Agg_Data)[i],type = "line")
  abline(v=COVID_dates,col = "red")
}

#Visualize as a percentage
clearPlot()
par(mfrow = c(2,3))
for(i in 3:ncol(Agg_Data)){
  time_data <- ts(Agg_Data[,i]/Agg_Data[,2] *100)  
  plot(Agg_Data[,1],time_data,
       xlab = "Time",
       ylab = paste(colnames(Agg_Data)[i],"%"),type = "line")
  abline(v=COVID_dates,col = "red")
}
########################
## Demographics Table ##
########################
install.packages("tableone")
install.packages("xlsx")
library(tableone)
library(openxlsx)

COVID_dates <- as.Date(c("2020-03-18","2022-10-21")) 

Data <- Data %>% 
  mutate(covid_p = cut(weekstart, breaks = c(head(Agg_Data_sub$weekstart,1),
                                             COVID_dates,
                                             tail(Agg_Data_sub$weekstart,1)),
                       include.lowest = T,
                       labels = c("Pre-COVID","During COVID","Post-COVID")))

#create table one for demogrpahics 
vars <- c( "patientageyears","emergency_amb", "gender","pttransportflag","quintile","rural_metro","finaldispatchcode")
table1 <- CreateTableOne(vars = vars, strata = "covid_p", data = Data, 
                         factorVars = c("gender","quintile","rural_metro","pttransportflag","emergency_amb","finaldispatchcode")
                         , test = F, addOverall = T)
table1 <- print(table1, showAllLevels = TRUE)

vars <- c("MPDS_card")
table2 <- CreateTableOne(vars = vars, strata = "covid_p", data = Data, 
                         factorVars = c("MPDS_card"), test = F, addOverall = T)
table2 <- print(table2, showAllLevels = TRUE)

table1
table2

setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters/Results")
write.xlsx(cbind(rownames(table1),table1), "Table 1 Demographics.xlsx", rownames = TRUE, replace = T)
write.xlsx(cbind(rownames(table2),table2), "Table 2 Demographics.xlsx", rownames = TRUE, replace  = T)

################################
###IRRs for demographic factors#####
##############################
library(haven)
library(dplyr)
library(psych)
library(lubridate)
library(tidyr)
library(SpaDES)
library(MASS)
library(sandwich)
library(multcomp)
library(writexl)
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters")
ERP_Agg <- readRDS("Data/Aggregated_ERP_Age")
Data <- readRDS("Data/AVData.RDS")


## Collect IIRs for All Variables ##



# Set up variables of interest ##
levels_all <- c(levels(Data$age_groups2),levels(Data$female_not_female),
                levels(Data$quintile),levels(Data$rural_metro), levels(Data$finaldispatchcode_upd)) 
names_all  <- c("Age: 0-18","Age: 19-40","Age: 41-65","Age: 66-84","Age: 85+","Gender: Female", "Gender: Not Female",
                "IRSAD: 1","IRSAD: 2","IRSAD: 3","IRSAD: 4","IRSAD: 5","Rurality: Metro","Rurality: Rural","Dispatch Code: 1","Dispatch Code: 2","Dispatch Code: 3","All" ) 
VED_date <- floor_date(as.Date("2022-09-05"),"week") 
#Set up output matrix
IRR.all <- data.frame(matrix(nrow = length(names_all), ncol = 18))
colnames(IRR.all) <- c("Pre IRR","pre.lwr","pre.upr","pre.p","post IRR","post.lwr","post.upr","post.p", "Slope Change", "sl.lwr", "sl.Upr","Level Change","lvl.lwr","lvl.upr","end.lvl","end.lvl.lwr","end.lvl.upr", "AIC")
rownames(IRR.all) <- names_all

IRR.all.2 <- data.frame(matrix(nrow = length(names_all), ncol = 18))
colnames(IRR.all.2) <- c("Pre IRR","pre.lwr","pre.upr","pre.p","post IRR","post.lwr","post.upr","post.p", "Slope Change", "sl.lwr", "sl.Upr","Level Change","lvl.lwr","lvl.upr","end.lvl","end.lvl.lwr","end.lvl.upr", "AIC")
rownames(IRR.all.2) <- names_all

for(i in 1:length(names_all))
{
  if(i<=5){
    Data_sub <- Data%>%
      filter(age_groups2 == levels_all[i])
  }
  if(i == 6 | i == 7){
    Data_sub <- Data%>%
      filter(female_not_female == levels_all[i])
  }
  if(8<=i & i<=12){
    Data_sub <- Data%>%
      filter(quintile == levels_all[i])
  }
  if(i == 13 | i == 14){
    Data_sub <- Data%>%
      filter(rural_metro == levels_all[i])
  }
  if(i >= 15 & i <= 17){
    Data_sub <- Data%>%
      filter(finaldispatchcode_upd == levels_all[i])
  }
  
  if(i==18){
    Data_sub <- Data
  }
  
  
  #####################################
  ## AGGREGATE DEMOGRAPHIC VARIABLES ##
  #####################################
  
  #Collapse Data 
  Agg_Data_sub<- Data_sub %>%
    mutate(weekstart = floor_date(Data_sub$date,"week"))%>%
    group_by(weekstart) %>% 
    summarise(
      Total  = n(),
    )
  #drop first and last weeks as they are incomplete. Could also multiply them by 7/x
  Agg_Data_sub <- Agg_Data_sub[-c(1,nrow(Agg_Data_sub)),] 
  
  #Define COVID period
  COVID_dates <- floor_date(as.Date(c("2020-03-18","2022-10-21")),"week") 
  #note this is a week ^ past the covid end this is because the cut is excluding the upper bound
  
  #Create a linear time variable and a COVID period variable.
  Agg_Data_sub <- Agg_Data_sub %>% 
    mutate(covid_p = cut(weekstart, breaks = c(head(Agg_Data_sub$weekstart,1),
                                               COVID_dates,
                                               tail(Agg_Data_sub$weekstart,1)),
                         include.lowest = T,
                         labels = c("Pre-COVID","During COVID","Post-COVID")))%>%
    mutate(time = row_number() - 1)%>%
    ungroup()
  
  cut_1 <- Agg_Data_sub$time[Agg_Data_sub$weekstart == COVID_dates[1]]
  cut_2 <- Agg_Data_sub$time[Agg_Data_sub$weekstart == COVID_dates[2]]
  
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(t_pre = time,
           t_dur = ifelse(covid_p == "During COVID",time - cut_1,0),
           t_post = ifelse(covid_p == "Post-COVID",time - cut_2,0))
  
  
  
  
  ##################################################
  ## CREATE EXPECTED RESIDENT POPULATION VARIABLE ##
  ##################################################
  #create month variable
  Agg_Data_sub <- Agg_Data_sub %>% mutate(
    Month = month(weekstart, label = T),
    Year  = year(weekstart)
  )
  
  #Import ERP
  ERP <- read.csv("Data/ERP_Vic.csv")
  ERP <- ERP |> separate(Quarter, into = c("Month", "Year"), sep = "-")
  ERP <-  ERP %>%
    mutate(Year = as.numeric(Year)+2000,
           Month = factor(Month,ordered = T,
                          levels = c("Jan","Feb","Mar", "Apr","May","Jun", 
                                     "Jul","Aug","Sep","Oct","Nov","Dec")))
  
  ERP <- head(ERP,nrow(ERP)-2) #get rid of the last two rows
  
  Agg_Data_sub <- left_join(Agg_Data_sub, ERP,by = c("Year","Month"))
  
  
  #Find the first occurrence of each ERP.
  break.points <- rep(NA,(nrow(ERP)-1))
  for (l in 2:(nrow(ERP))){
    break.points[l-1] <- which(Agg_Data_sub$Pop == ERP$Pop[l])[1]
  }
  #Create a vector that has linear
  z=1
  
  lin_ERP <- seq(Agg_Data_sub$Pop[break.points[z]],
                 Agg_Data_sub$Pop[break.points[z+1]],
                 length.out = break.points[z+1]-break.points[z])
  
  for(z in 2:(length(break.points)-1)){
    ERP_seq <- seq(Agg_Data_sub$Pop[break.points[z]],
                   Agg_Data_sub$Pop[break.points[z+1]],
                   length.out = break.points[z+1]-break.points[z])
    lin_ERP <-  c(lin_ERP,ERP_seq)
  }
  
  intpop <- seq(ERP$Pop[1],ERP$Pop[2],length.out = 11)
  lin_ERP <- c(intpop[-c(1,11)],lin_ERP,rep(6901721,4)) # the last few need manual entering. 
  Agg_Data_sub[,c("Year","Pop")] <-NULL
  
  Agg_Data_sub$ERP <- lin_ERP
  
  
  
  ###############
  ## MODELLING ##
  ###############
  
  
  
  model <- glm.nb(Total ~ Month + t_pre + t_dur + t_post + covid_p + offset(log(ERP)) , 
                  data = Agg_Data_sub,
                  control = glm.control(maxit = 200))
  
  NWvcov <- NeweyWest(model,lag = NULL, prewhite = F, adjust = T) #Automatically optimised for best lag.
  
  #store results
  coef_time        <- coefficients(model)["t_pre"]
  var_time         <- NWvcov["t_pre", "t_pre"]
  coef_Post  <- coefficients(model)["covid_pPost-COVID"]
  var_Post    <- NWvcov["covid_pPost-COVID", "covid_pPost-COVID"]
  coeff_timexPost  <- coefficients(model)["t_post"]
  var_timexPost    <- NWvcov["t_post", "t_post"]
  covar_time_timexpost <- NWvcov["t_pre", "t_post"]
  covar_post_timexpost <- NWvcov["covid_pPost-COVID", "t_post"]
  
  #Pre Slope
  IRR.all[i,1] <- exp(52 * coef_time)
  IRR.all[i,c(2,3)] <- exp(52*coef_time + qnorm(c(0.025,0.975))*52*sqrt(var_time))
  IRR.all[i,4] <- ifelse(coef_time >= 0, 2* pnorm(coef_time,0,sqrt(var_time),lower.tail = F), 
                         2*pnorm(coef_time,0,sqrt(var_time),lower.tail = T))
  
  #Post Slope
  IRR.all[i,5] <- exp(52 * (coef_time + coeff_timexPost))
  IRR.all[i,c(6,7)] <- exp(52 * (coef_time + coeff_timexPost) + qnorm(c(0.025,0.975))*52*(sqrt(var_time + var_timexPost + covar_time_timexpost)))
  IRR.all[i,8] <- ifelse(coef_time + coeff_timexPost >= 0, 2* pnorm((coef_time + coeff_timexPost),0,sqrt(var_time + var_timexPost + covar_time_timexpost),lower.tail = F), 
                         2*pnorm(coef_time + coeff_timexPost,0,sqrt(var_time + var_timexPost + covar_time_timexpost),lower.tail = T))
  
  #Slope Change
  IRR.all[i,9] <- exp(52*(coeff_timexPost))
  IRR.all[i,c(10,11)] <- exp(52*(coeff_timexPost) + qnorm(c(0.025,0.975))*52*sqrt(var_timexPost))
  
  #Level Change
  IRR.all[i,12] <- exp((coef_Post))
  IRR.all[i,c(13,14)] <- exp((coef_Post) + qnorm(c(0.025,0.975))*sqrt(var_Post))
  
  #Level Change at end of study period
  IRR.all[i,15] <- exp(coef_Post+62*coeff_timexPost)
  IRR.all[i,c(16,17)] <- exp(coef_Post+62*coeff_timexPost+qnorm(c(0.025,0.975))*sqrt(var_Post + 62^2*var_timexPost + 62*2*covar_post_timexpost)) #62 is the number of time points between the seond interuption and the end of the study period
  
  #AIC
  IRR.all[i,18] <- AIC(model)
  
  ##############
  #ITS plotting#
  ##############
  #Generate the actual trend
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(actual = predict(model, Agg_Data_sub, type = "response")*10000/ERP)
  
  #Generate counterfactual trend
  Agg_Data_sub_cf <- Agg_Data_sub %>%
    mutate(covid_p = "Pre-COVID",
           t_dur = 0,
           t_post = 0)
  
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(counterfactual = predict(model, Agg_Data_sub_cf, type = "response")*10000/ERP)
  
  ITS_plot <- ggplot(Agg_Data_sub, aes(x = weekstart)) +
    geom_point(aes(y = Total*10000/ERP), color = "black") +  # actual data points
    geom_line(aes(y = actual), color = "blue") +  # actual trend
    geom_line(aes(y = counterfactual), color = "red") +
    geom_vline(xintercept = COVID_dates, linetype = "dashed",color = "orange") +  # vertical line for COVID period
    geom_vline(xintercept = VED_date, linetype = "dashed",color = "forestgreen")+ #vertical line for VED introdction
    labs(x = "Month", y = "Incidence Rate (/10,000)", title = paste(names_all[i])) +
    theme_minimal()
  print(ITS_plot)
  
  
  
}
IRR.all <- round(IRR.all,3)
IRR.all   # results




IRR.all
##########################
#IRRs for dispatch codes##
##########################
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters")
#create a fmeale not female variable in the data
Data <- Data%>%
  mutate(female_not_female = factor(ifelse(Data$gender == "Female","Female","Not-Female")),
         age_groups2       = cut(patientageyears,c(0,19,41,66,84,Inf), right = F),
         rural_metro       = factor(ifelse(MMM >  2,"Rural","Metro")))


#There are some weeks where there are 0 counts for certain MPDS codes
#This resutls in different number of colmuns and missed observations in the aggregated data.
#to sovle this we need to add an observation for each week with all MPDS codes. 
Data_alt <- Data

Data_alt <- Data_alt %>%
  filter(MPDS_card != "IHT" & MPDS_card != "Non-MPDS")

obs1 <- data.frame(Data_alt[1,]) #copy an observation
obs1$MPDS_card <- levels(Data_alt$MPDS_card)[1]
reps <- length(levels(Data_alt$MPDS_card)) #find the number of copies we need to make for each week
obs.copy <- obs1

for(n in seq(2,reps)){
  obs1$MPDS_card <- levels(Data_alt$MPDS_card)[n]
  obs.copy <- rbind(obs.copy,obs1)
}

week.starts <- unique(Data_alt$weekstart)
obs.copy$weekstart <- week.starts[1]
reps <- length(week.starts)
obs.copy2 <- obs.copy

for(n in seq(2,reps)){
  obs.copy$weekstart <- week.starts[n]
  obs.copy2 <- rbind(obs.copy2,obs.copy)
}
Data_alt <- rbind(Data_alt, obs.copy2)
#Check that we ahve each MPDS code for each date
#View(obs.copy2[,c("weekstart","MPDS_card")])




## Collect IRRs for MPDS Codes ##

#Set up output matrix
IRR.MPDS <- data.frame(matrix(nrow = length(levels(Data$MPDS_card))-2, ncol = 18))
colnames(IRR.MPDS) <- c("Pre IRR","pre.lwr","pre.upr","pre.p","post IRR","post.lwr","post.upr","post.p", "Slope Change", "sl.lwr", "sl.Upr","Level Change","lvl.lwr","lvl.upr","end.lvl","end.lvl.lwr","end.lvl.upr", "AIC")
rownames(IRR.MPDS) <- head(levels(Data$MPDS_card),length(levels(Data$MPDS_card))-2)


for(i in 1:(length(levels(Data$MPDS_card))-2)){
  
  Data_sub <- Data_alt[Data_alt$MPDS_card == levels(Data_alt$MPDS_card)[i],]
  
  #####################################
  ## AGGREGATE DEMOGRAPHIC VARIABLES ##
  #####################################
  
  #Apply ALRs to all variabels except MPDS codes 
  #there will now be an extra total count for each MPDS code per week and for each of the characteristics of the chosen duplicate observation.
  Agg_Data_sub<- Data_sub %>%
    group_by(weekstart) %>% 
    summarise(
      Total  = n()
    )
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(
      Total = Total - 1,
    )
  
  #####################
  ## COVID Variables ##
  #####################
  #Define COVID period
  COVID_dates <- floor_date(as.Date(c("2020-03-18","2022-10-21")),"week") 
  VED_date <- floor_date(as.Date(c("2022-09-04")),"week")
  #note this is a week ^ past the covid end this is because the cut is excluding the upper bound
  
  #drop first and last weeks as they are incomplete. Could also multiply them by 7/x
  Agg_Data_sub <- Agg_Data_sub[-c(1,nrow(Agg_Data_sub)),] 
  
  #Create a linear time variable and a COVID period variable.
  Agg_Data_sub <- Agg_Data_sub %>% 
    mutate(covid_p = cut(weekstart, breaks = c(head(Agg_Data_sub$weekstart,1),
                                               COVID_dates,
                                               tail(Agg_Data_sub$weekstart,1)),
                         include.lowest = T,
                         labels = c("Pre-COVID","During COVID","Post-COVID")))%>%
    mutate(time = row_number() - 1)%>%
    ungroup()
  
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(t_pre = time,
           t_dur = ifelse(covid_p == "During COVID" ,time - cut_1,0),
           t_post = ifelse(covid_p == "Post-COVID",time - cut_2,0)) 
  
  
  ##################################################
  ## CREATE EXPECTED RESIDENT POPULATION VARIABLE ##
  ##################################################
  
  #Import ERP
  ERP <- read.csv("Data/ERP_Vic.csv")
  ERP <- ERP |> separate(Quarter, into = c("Month", "Year"), sep = "-")
  ERP <-  ERP %>%
    mutate(Year = as.numeric(Year)+2000,
           Month = factor(Month,ordered = T,
                          levels = c("Jan","Feb","Mar", "Apr","May","Jun", 
                                     "Jul","Aug","Sep","Oct","Nov","Dec")))
  ERP <- head(ERP,nrow(ERP)-2) 
  
  #Merge to the aggregated data
  Agg_Data_sub <- Agg_Data_sub%>%
    mutate(Year = year(weekstart),
           Month = month(weekstart, label = T))
  
  Agg_Data_sub <- left_join(Agg_Data_sub, ERP,by = c("Year","Month"))
  
  #Find the first occurrence of each ERP.
  break.points <- rep(NA,(nrow(ERP)-1))
  for (l in 2:(nrow(ERP))){
    break.points[l-1] <- which(Agg_Data_sub$Pop == ERP$Pop[l])[1]
  }
  #Create a vector that has linear
  z=1
  
  lin_ERP <- seq(Agg_Data_sub$Pop[break.points[z]],
                 Agg_Data_sub$Pop[break.points[z+1]],
                 length.out = break.points[z+1]-break.points[z])
  
  for(z in 2:(length(break.points)-1)){
    ERP_seq <- seq(Agg_Data_sub$Pop[break.points[z]],
                   Agg_Data_sub$Pop[break.points[z+1]],
                   length.out = break.points[z+1]-break.points[z])
    lin_ERP <-  c(lin_ERP,ERP_seq)
  }
  
  intpop <- seq(ERP$Pop[1],ERP$Pop[2],length.out = 11)
  lin_ERP <- c(intpop[-c(1,11)],lin_ERP,rep(6901721,4)) # the last few need manual entering. 
  Agg_Data_sub[,c("Year","Pop")] <-NULL
  
  
  
  Agg_Data_sub$ERP <- lin_ERP
  
  ###############
  ## MODELLING ##
  ###############
  
  model <- glm.nb(Total ~ Month + t_pre + t_dur + t_post + covid_p + offset(log(ERP)) , 
                  data = Agg_Data_sub,
                  control = glm.control(maxit = 200))
  
  
  
  NWvcov <- NeweyWest(model,lag = NULL, prewhite = F, adjust = T) #Automatically optimised for best lag.
  
  #store results
  coef_time        <- coefficients(model)["t_pre"]
  var_time         <- NWvcov["t_pre", "t_pre"]
  coef_Post  <- coefficients(model)["covid_pPost-COVID"]
  var_Post    <- NWvcov["covid_pPost-COVID", "covid_pPost-COVID"]
  coeff_timexPost  <- coefficients(model)["t_post"]
  var_timexPost    <- NWvcov["t_post", "t_post"]
  covar_time_timexpost <- NWvcov["t_pre", "t_post"]
  covar_post_timexpost <- NWvcov["covid_pPost-COVID", "t_post"]
  
  #Pre Slope
  IRR.MPDS[i,1] <- exp(52 * coef_time)
  IRR.MPDS[i,c(2,3)] <- exp(52*coef_time + qnorm(c(0.025,0.975))*52*sqrt(var_time))
  IRR.MPDS[i,4] <- ifelse(coef_time >= 0, 2* pnorm(coef_time,0,sqrt(var_time),lower.tail = F), 
                          2*pnorm(coef_time,0,sqrt(var_time),lower.tail = T))
  
  #Post Slope
  IRR.MPDS[i,5] <- exp(52 * (coef_time + coeff_timexPost))
  IRR.MPDS[i,c(6,7)] <- exp(52 * (coef_time + coeff_timexPost) + qnorm(c(0.025,0.975))*52*(sqrt(var_time + var_timexPost + covar_time_timexpost)))
  IRR.MPDS[i,8] <- ifelse(coef_time + coeff_timexPost >= 0, 2* pnorm((coef_time + coeff_timexPost),0,sqrt(var_time + var_timexPost + covar_time_timexpost),lower.tail = F), 
                          2*pnorm(coef_time + coeff_timexPost,0,sqrt(var_time + var_timexPost + covar_time_timexpost),lower.tail = T))
  
  #Slope Change
  IRR.MPDS[i,9] <- exp(52*(coeff_timexPost))
  IRR.MPDS[i,c(10,11)] <- exp(52*(coeff_timexPost) + qnorm(c(0.025,0.975))*52*sqrt(var_timexPost))
  
  #Level Change
  IRR.MPDS[i,12] <- exp(52*(coef_Post))
  IRR.MPDS[i,c(13,14)] <- exp(52*(coef_Post) + qnorm(c(0.025,0.975))*52*sqrt(var_Post))
  
  #Level Change at end of study period
  IRR.MPDS[i,15] <- exp(coef_Post+62*coeff_timexPost)
  IRR.MPDS[i,c(16,17)] <- IRR.MPDS.2[i,15]*exp(qnorm(c(0.025,0.975))*sqrt(var_Post + 62^2*var_timexPost + 62*2*covar_post_timexpost))
  
  #AIC
  IRR.MPDS[i,18] <- AIC(model)
  
  
  
  ##############
  #ITS plotting#
  ##############
  #Generate the actual trend
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(actual = predict(model, Agg_Data_sub, type = "response")*10000/ERP)
  
  #Generate counterfactual trend
  Agg_Data_sub_cf <- Agg_Data_sub %>%
    mutate(covid_p = "Pre-COVID",
           t_dur = 0,
           t_post = 0)
  
  Agg_Data_sub <- Agg_Data_sub %>%
    mutate(counterfactual = predict(model, Agg_Data_sub_cf, type = "response")*10000/ERP)
  
  ITS_plot <- ggplot(Agg_Data_sub, aes(x = weekstart)) +
    geom_point(aes(y = Total*10000/ERP), color = "black") +  # actual data points
    geom_line(aes(y = actual), color = "blue") +  # actual trend
    geom_line(aes(y = counterfactual), color = "red") +
    geom_vline(xintercept = COVID_dates, linetype = "dashed",color = "orange") +  # vertical line for COVID period
    geom_vline(xintercept = VED_date, linetype = "dashed",color = "forestgreen")+ #vertical line for VED introdction
    labs(x = "Week", y = "Incidence Rate (/10,000)", title = paste(levels(Data$MPDS_card)[i])) +
    theme_minimal()
  print(ITS_plot)
}



IRR.MPDS <- round(IRR.MPDS,3)
IRR.MPDS # Results from Monthly Adjustment






setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters/Results")
write_xlsx(cbind(rownames(IRR.all),IRR.all), "IRR.all.xlsx")
write_xlsx(cbind(rownames(IRR.MPDS),IRR.MPDS),"IRR.MPDS.xlsx")
setwd("S:/MNHS-SPHC-DCEHPP/NAEMT/Liam Masters")

########################
##Results Visualization#
########################
library(forestplot)
library(ggstance)
library(ggh4x)
library(ggstance)
library(ggh4x)
## Total Presentations Trend with better range of Y-axis ##
ggplot(Agg_Data_sub, aes(x = weekstart)) +
  geom_point(aes(y = Total*10000/ERP), color = "black") +  # actual data points
  geom_line(aes(y = actual), color = "blue") +  # actual trend
  geom_line(aes(y = counterfactual), color = "red") +
  geom_vline(xintercept = COVID_dates, linetype = "dotted") +  # vertical line for intervention
  labs(x = "Week", y = "Incidence Rate (/10,000)", title = paste(names_all[i]),
       subtitle = "Actual vs. Counterfactual Trends Conditioned on the Month") +
  theme_minimal()+
  coord_cartesian( ylim = c(15, 25))


## Forest Plot for Demographic IRRs ##
#convert from wide to long for the gg function
IRR.all.plot <- cbind(rownames(IRR.all),IRR.all[,c(1:3,5:7)])
rownames(IRR.all.plot) <- NULL
colnames(IRR.all.plot) <- c("names",rep(c("est","lwr","upr"),2))
IRR.all.plot <- cbind(rep(IRR.all.plot[,1],2),c(rep("Pre",18),rep("Post",18)),rbind(IRR.all.plot[,c(2:4)],IRR.all.plot[,c(5:7)]))
colnames(IRR.all.plot) <- c("names","period","est","lwr","upr")
IRR.all.plot$names <- factor(IRR.all.plot$names,
                             levels = rownames(IRR.all))


#With dodge
ggplot(IRR.all.plot, aes(x = est, y = names, xmin = lwr, xmax = upr, group = period)) +
  geom_point(size = 2, aes(col = period), position = position_dodgev(height = 0.1)) +
  geom_errorbar(aes(xmin = lwr, xmax = upr, col = period),
                position = position_dodgev(height = 0.1),
                width = 0.3) +
  theme_minimal()+
  geom_vline(xintercept = 1, linetype = "longdash")+
  geom_vline(xintercept = IRR.all.plot[30,3], linetype = "longdash", color = "pink" )+
  geom_vline(xintercept = IRR.all.plot[15,3], linetype = "longdash", color = "lightblue" )+
  labs(x = "Incidence Rate Ratio", y = "", color = "Period", title = "Dynamic")

IRR.all.plot <-  IRR.all.plot %>%
  mutate(cat = sub(": .*","",names),
         names = sub(".*: ","",names))%>%
  mutate(cat = ifelse(is.na(cat), "",cat))%>%
  mutate(cat = factor(cat, levels = c("","Age","Gender","IRSAD","Rurality", "Dispatch Code")))
IRR.all.plot[c(18,36),"cat"] <- ""

breaks <- c(2.5)



ggplot(IRR.all.plot, aes(x = est, y = names, xmin = lwr, xmax = upr, group = period)) +
  geom_point(size = 2, aes(col = period), position = position_dodgev(height = 0.1)) +
  geom_errorbar(aes(xmin = lwr, xmax = upr, col = period),
                position = position_dodgev(height = 0.1),
                width = 0.3) +
  facet_grid(rows = vars(cat), scales = "free_y", space = "free_y")+
  theme_minimal()+
  geom_vline(xintercept = 1, linetype = "longdash")+
  geom_vline(xintercept = IRR.all.plot[36,3], linetype = "longdash", color = "pink" )+
  geom_vline(xintercept = IRR.all.plot[18,3], linetype = "longdash", color = "lightblue" )+
  labs(x = "IRR", y = "", color = "Period", title = "")


#Age only#

IRR.plot.Age <- IRR.all.plot[c(1:5,16:20),]
ggplot(IRR.plot.Age, aes(x = est, y = names, xmin = lwr, xmax = upr, group = period)) +
  geom_point(size = 2, aes(col = period), position = position_dodgev(height = 0.1)) +
  geom_errorbar(aes(xmin = lwr, xmax = upr, col = period),
                position = position_dodgev(height = 0.1),
                width = 0.3) +
  theme_minimal()+
  geom_vline(xintercept = 1, linetype = "longdash")+
  geom_vline(xintercept = IRR.all.plot[30,3], linetype = "longdash", color = "pink" )+
  geom_vline(xintercept = IRR.all.plot[15,3], linetype = "longdash", color = "lightblue" )+
  labs(x = "IRR", y = "", color = "Period")



## Forest Plot for MPDS Code  IRRs ##

#convert from wide to long for the gg function
IRR.MPDS.plot <- cbind(rownames(head(IRR.MPDS,nrow(IRR.MPDS)-2)),head(IRR.MPDS,nrow(IRR.MPDS)-2)[,c(1:3,5:7)])
rownames(IRR.MPDS.plot) <- NULL
colnames(IRR.MPDS.plot) <- c("names",rep(c("est","lwr","upr"),2))
IRR.MPDS.plot <- cbind(rep(IRR.MPDS.plot[,1],2),c(rep("Pre",nrow(IRR.MPDS.plot)),rep("Post",nrow(IRR.MPDS.plot))),rbind(IRR.MPDS.plot[,c(2:4)],IRR.MPDS.plot[,c(5:7)]))
colnames(IRR.MPDS.plot) <- c("names","period","est","lwr","upr")
IRR.MPDS.plot <- rbind(IRR.MPDS.plot, IRR.all.plot[c(15,30),-6])
IRR.MPDS.plot$names <- factor(IRR.MPDS.plot$names,
                              levels = rev(c("All",rownames(IRR.MPDS))))



#with dodge
ggplot(IRR.MPDS.plot, aes(x = est, y = names, xmin = lwr, xmax = upr, group = period)) +
  geom_point(size = 2, aes(col = period), position = position_dodgev(height = 0.25)) +
  geom_errorbar(aes(xmin = lwr, xmax = upr, col = period),
                position = position_dodgev(height = 0.25),
                width = 0.3) +
  geom_vline(xintercept = IRR.MPDS.plot[64,3], linetype = "longdash", color = "pink" )+
  geom_vline(xintercept = IRR.MPDS.plot[63,3], linetype = "longdash", color = "lightblue" )+
  theme_minimal()+
  geom_vline(xintercept = 1, linetype = "longdash")+
  labs(x = "IRR", y = "", color = "Period")



#Level Change Table
lvl.tbl <- round(rbind(IRR.all[,10:12], IRR.MPDS[,10:12]),3)
write.xlsx(cbind(rownames(lvl.tbl),lvl.tbl), "Level Change.xlsx", rownames = TRUE, replace  = T)


