Supplement

Two random groups totaling 10,000 observations were generated with pre-specified level of correlation, mean PASI score of 20, and a standard deviation of 4. These groups were effectively the baseline and final observations. Observations were then randomly categorized as “treatment” or “control” from each of these to simulate a clinical trial. A CS outcome was generated by subtracting final scores from baseline scores. Since change scores are often erroneously used to attempt to “control” for baseline, we demonstrate graphically the correlation between baseline and final scores, as well as this correlation between baseline and change scores. Additionally, the two groups with no difference in mean final scores were compared by outcome comparison model for the ability to control type I error, or the proportion of trials showing a statistically significant difference p≤0.05, where it was known that no true difference existed (null is true). We would expect this to approach 0.05 by definition. If a model had inflated type I error rate, proportions would be seen >0.05. 

Next, we subtracted an effect size from the final score in the “treatment” group to simulate the efficiency of sample trials under different outcome comparison methodologies. To determine the minimum mean difference that could be detected at a given power (0.85) and sample size (50 in each arm), we used the “pwr.t.test” function within R. This function provides a Cohen’s D, which was converted to a raw difference by multiplying the Cohen’s D result by the standard deviation (4) (since they were the same in both groups). Thus, 2.44 was subtracted from the final score of the active arm group. From these, we calculated the distribution of p-values comparing mean differences and calculated apparent power under each model. Lastly, for simulated trials where outcome methodology was compared, a random sample of 50 observations were taken from each group (“treatment” and “control”). For these, the estimated point estimates, standard errors, 95% confidence intervals, p-value and the R2 of the model were extracted. All comparisons (DC, CS, and BAA) were performed using linear regression. For BAA, baseline values were added as a covariate in the model, i.e. final score ~ treatment group + baseline score. This process was repeated for baseline versus final correlation values 0–1 in 0.1-unit increments.

To further visualize the efficiency of outcome comparison methodologies, we plotted relative variance versus correlation derived from the simulated 100-observation trials. Relative variance was defined as variance divided by the square of the effect estimate. Variance was calculated as standard error squared multiplied by the sample size. Smaller numbers for different models at the same level of correlation suggest more efficient models.


Supplementary Table 1. Trial characteristics 
	Total
	N=252

	Year
	

	   2015
	65 (25.8%)

	   2016
	35 (13.9%)

	   2017
	61 (24.2%)

	   2018
	55 (21.8%)

	   2019
	36 (14.3%)

	Journal
	

	   JAMA Dermatology
	43 (17.1%)

	   BJD
	106 (42.1%)

	   JID
	11 (4.4%)

	   JAAD
	58 (23.0%)

	   JEADV
	34 (13.5%)

	Funding
	

	   None
	38 (15.1%)

	   Government
	42 (16.7%)

	   Industry
	145 (57.5%)

	   Mixture
	27 (10.7%)

	Controlled trial
	

	   Yes
	232 (92.1%)

	   No
	20 (7.9%)

	Study type
	

	   Placebo Control
	95 (37.7%)

	   Active Control
	103 (40.9%)

	   Both Placebo and Active Control
	14 (5.6%)

	   Other
	40 (15.9%)

	Blinding
	

	   No
	60 (23.8%)

	   Yes
	192 (76.2%)

	Randomized trial
	

	   No
	17 (6.7%)

	   Yes
	235 (93.3%)

	Phase
	

	   Phase III
	43 (17.1%)

	   Phase II
	47 (18.7%)

	   Phase IV
	8 (3.2%)

	   Phase I
	9 (3.6%)

	   Multiple/Special
	6 (2.4%)

	   Not identified
	139 (55.2%)

	Study arms
	

	   1
	11 (4.4%)

	   2
	170 (67.5%)

	   3
	37 (14.7%)

	   4
	24 (9.5%)

	   5
	5 (2.0%)

	   6
	4 (1.6%)

	   7
	1 (0.4%)




R simulation data 

##So these data are based on the psoriasis study: PMID: 28949012
##packages needed: faux purrr dplyr ggplot2 gridExtra tidyselect tidyr pwr sjPlot

set.seed(1234)

Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.5),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

Graphs of correlation: 

g1 <- ggplot(Pasi1, aes(x = pasi_bl, y = pasi_eos)) +
    geom_point(alpha = 0.4) +
    geom_smooth(se = FALSE, method = "lm") +
    ylab("End of Study PASI") +
    xlab("Baseline PASI")

g2 <- ggplot(Pasi1, aes(x = pasi_bl, y = change_pasi)) +
    geom_point(alpha = 0.4) +
    geom_smooth(se = FALSE, method = "lm") +
    ylab("Change in PASI") +
    xlab("Baseline PASI")

grid.arrange(g1,g2,ncol=2)


with(Pasi1, cor(pasi_eos, pasi_bl)) 
*0.49

with(Pasi1, cor(change_pasi, pasi_bl))
*-0.50

##MAKING PERCENT CHANGE
Pasi1 <- mutate(Pasi1, percent_pasi = ((pasi_bl - pasi_eos)/pasi_bl)*100)


##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.5),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs %>%
    select(size, rep, diff_bl) %>%
    distinct() %>%
    mutate(size = factor(size)) %>%
  ggplot(aes(y = diff_bl, x = size, color = size)) +
    geom_boxplot(outlier.alpha = 0, fill = "white", size = 1) +
    geom_jitter(alpha = 0.1) +
    scale_color_viridis(guide = FALSE, discrete = TRUE) +
    ylab("Between arm difference in mean PASI")

  pull_pvalues <- function(x, y){
    
    y <- as.formula(y)
    
    res <- filter(diffs, size == 100 & rep == x) %>% 
      lm(y, data = .) %>%                            
      summary() %>%                                  
      coef()                                        
    
    return(res["armActive", "Pr(>|t|)"])             
  }

data <- full_join( 
    filter(diffs, size == 100), 
    data_frame(
      p_value_eos =                                  # Model 1
        map_dbl(1:1000, function(x) pull_pvalues(x, "pasi_eos ~ arm")),
      p_value_chg =                                  # Model 2
        map_dbl(1:1000, function(x) pull_pvalues(x, "change_pasi ~ arm")),
      p_value_bla =                                  # Model 3
        map_dbl(1:1000, function(x) pull_pvalues(x, "pasi_eos ~ arm + pasi_bl")),
      rep = 1:1000
      ), 
    by = "rep"
  ) %>% 
    select(starts_with("p_value")) %>%
    distinct()

##Ploting p-values from different regression models using direct comparison, change score and baseline adjusted

  gather(data, type, p_value, starts_with("p_value")) %>%
  mutate(
      type = factor(
        type, 
        labels = c("Baseline adjusted values", "Change scores", 
                   "End-of-study values")
        )
      ) %>%
  ggplot(aes(x = p_value, fill = type)) +
    geom_histogram(bins = 10) +
    facet_wrap(~type, nrow = 1) +
    scale_fill_viridis(guide = FALSE, discrete = TRUE, end = 0.8) +
    xlab("P-value") +
    ylab("Count (1000 reps)")

##observed % of p-values for each model that are <0.05

length(data$p_value_eos[data$p_value_eos < 0.05])/1000
0.055

length(data$p_value_chg[data$p_value_chg < 0.05])/1000
0.048

length(data$p_value_bla[data$p_value_bla < 0.05])/1000

0.055

**all basically the same, so the alpha control is pretty much identical between all of them. So if the null is true, regardless of analysis type the type 1 errror (fasle postivie) probability is controlled at the same level. 

##impact of model on type 2 error 

pwr.t.test(n = 50, sig.level = 0.05, power = 0.85)

#n is the numbder of patients in each arm 

/*
   Two-sample t test power calculation 

              n = 50
              d = 0.6052384
      sig.level = 0.05
          power = 0.85
    alternative = two.sided

NOTE: n is number in *each* group
*/
##Add this effect to those in the active arm (since the std deviations are the same in this the pooled is just 4 which means the mean difference that can be detected is 0.61*4 = 2.44

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
  diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl

g1 <- filter(diffs, size == 100) %>%
  ggplot(aes(x = pasi_eos_plus, fill = arm)) +
    geom_density(alpha = 0.5) +
    scale_fill_viridis(guide = FALSE, discrete = TRUE, end = 0.8) +
    ggtitle("With an effect")

  g2 <- filter(diffs, size == 100) %>%
  ggplot(aes(x = pasi_eos, fill = arm)) +
    geom_density(alpha = 0.5) +
    scale_fill_viridis("", discrete = TRUE, end = 0.8) +
    ggtitle("Without an effect")

grid.arrange(g1,g2,nrow=2)

##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

[image: Table

Description automatically generated]
# So note that the std errors are smaller for the baseline adjusted model by a bit. Smaller SEs means less uncertainly in the estimates, and thus more power to detect effects when they do exist.

data_2 <- full_join( 
    filter(diffs, size == 100), 
    data_frame(
      p_value_eos =                                  # Model 1
        map_dbl(1:1000, function(x) pull_pvalues(x, "pasi_eos_plus ~ arm")),
      p_value_chg =                                  # Model 2
        map_dbl(1:1000, function(x) pull_pvalues(x, "change_pasi_plus ~ arm")),
      p_value_bla =                                  # Model 3
        map_dbl(1:1000, function(x) pull_pvalues(x, "pasi_eos_plus ~ arm + pasi_bl")),
      rep = 1:1000
      ), 
    by = "rep"
  ) %>%
  select(starts_with("p_value")) %>%
  distinct()

gather(data_2, type, p_value, starts_with("p_value")) %>%
    mutate(
      type = factor(
        type, 
        labels = c("Baseline adjusted values", "Change scores", 
                   "End-of-study values")
        )
      ) %>%
  ggplot(aes(x = p_value, fill = type)) +
    geom_histogram() +
    facet_wrap(~type, nrow = 1) +
    scale_fill_viridis(guide = FALSE, discrete = TRUE, end = 0.8) +
    xlab("P-value") +
    ylab("Count (1000 reps)")

length(data_2$p_value_eos[data_2$p_value_eos < 0.05])/1000
#0.85

length(data_2$p_value_chg[data_2$p_value_chg < 0.05])/1000
#0.85

length(data_2$p_value_bla[data_2$p_value_bla < 0.05])/1000
#0.93

#notice the bump in power

rm(list=ls())
##Doing the process for other correlations
#r=0.0
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.0),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.0),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))


rm(list=ls())
##Doing the process for other correlations
#r=0.1
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.1),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))


##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.1),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)


diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

rm(list=ls())
##Doing the process for other correlations
#r=0.2
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.2),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.2),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)


diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))


rm(list=ls())
##Doing the process for other correlations
#r=0.3
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.3),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.3),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)


diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

rm(list=ls())
##Doing the process for other correlations
#r=0.4
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.4),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)


with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))


##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.4),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

rm(list=ls())
##Doing the process for other correlations
#r=0.6
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.6),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.6),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))



rm(list=ls())
##Doing the process for other correlations
#r=0.7
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.7),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)


with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))


##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.7),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

rm(list=ls())
##Doing the process for other correlations
#r=0.8
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.8),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.8),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))


rm(list=ls())
##Doing the process for other correlations
#r=0.9
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(0.9),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)


with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))


##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(0.9),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)

diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))

rm(list=ls())
##Doing the process for other correlations
#r=1.0
Pasi1 <- rnorm_multi(
    n = 10000,          # 10k observations
    mu = rep(20, 2), # Same mean
    sd = rep(4, 2),    # Same SD
    r = c(.99),         # Correlation = 0.5
    varnames = c("pasi_eos", "pasi_bl"),
    empirical = FALSE
    )

map(Pasi1, mean) ##both means should be around 20

##check correlation 
with(Pasi1, cor(pasi_eos, pasi_bl))

##randomly assign everyone to 2 arms

Pasi1$arm <- sample(c("Active", "Control"), size = 10000, replace = TRUE) %>%
    factor(levels = c("Control", "Active"))

table(Pasi1$arm)

##CREATE CHANGE SCORES

Pasi1 <- mutate(Pasi1, change_pasi = pasi_eos - pasi_bl)

with(Pasi1, cor(pasi_eos, pasi_bl)) 

with(Pasi1, cor(change_pasi, pasi_bl))

##Regressions
#Going to create a new dataset that is only p-values for the 3 different models 

gen_diffs <- function(x, y){
    
    data <- rnorm_multi(
      n = x, 
      mu = rep(20, 2),
      sd = rep(4, 2),
      r = c(.99),
      varnames = c("pasi_eos", "pasi_bl"),
      empirical = FALSE
      ) %>%
    mutate(size = x, rep = y, arm = factor(
      sample(c("Active", "Control"), size = x, replace = TRUE), 
      levels = c("Control", "Active")
      ))

data$diff_bl <- mean(data$pasi_bl[data$arm == "Active"]) - 
      mean(data$pasi_bl[data$arm == "Control"])
    
    return(data)
  }

set.seed(0092) 

  sizes <- c(10, 20, 50, 100, 200, 500, 1000)
  names(sizes) <- as.character(sizes)

  diffs <- map2_dfr(
    rep(sizes, each = 1000), 
    rep(1:1000, times = length(sizes)),
    gen_diffs
    ) %>%
    mutate(change_pasi = pasi_eos - pasi_bl)


diffs$pasi_eos_plus[diffs$arm == "Active"] <- 
    diffs$pasi_eos[diffs$arm == "Active"] - 2.44
diffs$pasi_eos_plus[diffs$arm == "Control"] <- 
    diffs$pasi_eos[diffs$arm == "Control"] 

  diffs$change_pasi_plus <- diffs$pasi_eos_plus - diffs$pasi_bl


##ESTIMATING TREATMENT EFFECTS FOR 3 MODELS
example_data <-  filter(diffs, size == 100 & rep == 1)

m1 <- lm(pasi_eos_plus ~ arm, data = example_data) 

m2 <- lm(change_pasi_plus ~ arm, data = example_data) 

m3 <- lm(pasi_eos_plus ~ arm + scale(pasi_bl, scale = FALSE), data = example_data) 

tab_model(
    m1, m2, m3, 
    show.se = TRUE, 
    dv.labels = c("PASI EoS", "Change scores", "PASI EoS, Baseline adjusted"), 
    pred.labels = c("Intercept", "Active (vs Control)", "Baseline PASI"))
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