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1.
Methods:
 Mean, standard deviation, minimum, and maximum are presented for the continuous  variables (age, observation time, serum bilirubin levels) and percentages are presented for the binary variables (sex).The summary statistics are presented for the overall sample and stratified by outcome of interest, death from any cause. Observation time was divided by 365 to present in years instead of days.  Individuals  missing data were excluded  from only the analyses  that  involved  the missing data. 

Inference: There were 416 subjects  overall. 106 subjects  were missing data on sex. Those who died of any cause tended to be male
, older, have higher levels of serum bilirubin, and be observed for less time. The population  is primarily female, so sex will have to be adjusted for  to make conclusions about the general population. 

	
	Entire population
	Death from any cause
	No death


	
	%(n)
	%(n)
	%(n)

	Female
	88.46 (276)
	82.4 (103)
	92.5 (173)

	
	Mean (SD)
	Min, Max
	Mean (SD)
	Min, Max
	Mean (SD)
	Min, Max

	Age (years)
	50.74(10.45)
	26.28-78
	53.92(9.01)
	30.86-76.71
	48.75(10.36)
	26.28-70.44

	Serum bilirubin (mg/dl)
	3.22(4.41)
	0.30-28.00
	5.54(5.84)
	0.30-28.00
	1.77(2.20)
	0.30-18.00

	Observation time (years)
	5.25(3.03)
	0.11-13.14
	3.77(2.87)
	0.11-11.5
	6.18(2.74)
	1.46-13.14



2.
It
 is inappropriate to use logistic regression in censored data, because we do not have complete information on  the outcome for all individuals. To use logistic regression with this data we would have to define the outcome as death before the first censoring time. Logistic regression can only tell us the probability of an outcome occurring given a certain exposure, not time to event
. 
3.
Methods
: A proportional hazards regression was performed with robust standard errors to examine the relationship between serum bilirubin levels and all-cause mortality. The observation time was defined in years as the unit of observation time and the event as death from any cause. Two-sided p-values and 95% confidence interval were calculated using Wald-based statistics
. 


Inference
: We estimate that per 1mg/dl increase in serum bilirubin, the risk 
of all-cause mortality is 15.24% higher in the group with higher serum bilirubin and is
 statistically significant (P<0.001). The 95% confidence interval suggest that a true increase in risk of all-cause mortality of 12.09-18.47
%  per 1mg/dl increase in serum bilirubin would not be surprising. 

4.
A 
log 
transformed serum bilirubin measurement would be preferred a priori because it is a biological measurement, which tend to behave in an exponential manner. The standard deviation is also higher than the mean in the non-log transformed measurement, which suggest there are outliers we want to downweight.


Methods: A proportional hazards regression was performed with robust standard errors to examine the relationship between log-base-2-transformed serum bilirubin levels and all-cause mortality. The observation time was defined in years as the unit of observation time and the event as death from any cause. Two-sided p-values and 95% confidence interval were calculated using Wald-based statistics
. 


Inference: We estimate that per 2-fold increase in serum bilirubin, the risk 
of all-cause mortality is 1.984 times higher in the group with higher serum bilirubin and is statistically significant (P<0.001). 
The 95% confidence interval suggest that a true increase in risk of all-cause mortality of 1.781-2.212 times  per 2-fold increase in serum bilirubin would not be surprising. 

5.
Methods
: A proportional hazards regression was performed with robust standard errors to examine the linearity of the relationship between serum bilirubin levels and all-cause mortality by using log-base2-transformed serum bilirubin levels as
 a covariate. The observation time was defined in years as the unit of observation time and the event as death from any cause. Two-sided p-values and 95% confidence interval were calculated using Wald-based statistics
.


Inference: The relationship between serum bilirubin levels and all-cause mortality is not linear. The log-base2-tranformed levels provide a statistically significant better fit than the un-tranformed serum bilirubin levels with a two-sided p-value <0.001 compared to a p-value of 0.148 for the un-transformed. 


6.
The 
g
reen line showing the predicted values for the regression model that included both log-base2 and untransformed serum bilirubin levels is curved and past the the middle of the range of bilirubin levels is between the predicted values for just the transformed and untransformed data. The untransformed data predicts a very slight decline in the hazard ratio as serum bilirubin increases
, while the log-transformed data show a steady increase in the hazard ratio as serum levels increase. 
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7.
Both 
sex and age are causally related to the outcome, all-cause mortality. Consequently, for there to be confounding they just have to be associated with the predictor of interest in the sample. In the sample, age is associated bilirubin levels with significantly more variance in the middle of the age distribution
. When one looks at the mean serum bilirubin levels stratified by sex, there appears to be an association in the sample, with women having a mean bilirubin level of 3.31 mg/dl and men having a mean bilirubin level of 2.87 mg/dl. 
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Methods
: A proportional hazards regression was performed with robust standard errors to examine the relationship between serum bilirubin 
levels and all-cause mortality when adjusting for age and sex. The observation time was defined in years as the unit of observation time and the event as death from any cause. Two-sided p-values and 95% confidence interval were calculated using Wald-based statistics. 106 individuals were missing data on sex. 

Inference: We estimate a 16.15% increase in risk 
of all-cause mortality per 1mg/dl increase in serum bilirubin levels
. This difference 
is statistically significant, p<0.001, and we would not be surprised, based on the 95% confidence interval, if the true difference was an increase between 12.50 and 19.92%
. We estimate that per 1 year increase in age, individuals had a 3.848% increase in risk of all-cause mortality
. This difference is statistically significant, p<0.001, and we would not be surprised, based on the 95% confidence interval, if the true difference was an increase between 1.937 and 5.794%. 
We estimate that being female decreases risk of all-cause mortality by 45%, 
however, this was not statistically significant based on an alpha-level of .05, p=0.085. 

8.
The 
intervention could confound our results if serum bilirubin levels were not distributed evenly though the sample arms and it impacted mortality. It should be adjusted for even if there is not suspicion of confounding because it was not inactive so not adjusting for treatment would limit precision. 
�Total score: 45/105


�Score for Question 1: 2 points (of 10)


Comments:


-5 Observation time is a censored variable so we cannot talk about means and standard deviations as we can with non-censored continuous variables (they are not defined). Instead we typically present descriptive statistics based on Kaplan-Meier methods. This is a critical point to understand.


-1 You don’t comment on how many deaths were observed


-1 It would be more helpful to present summary statistics in Table 1 stratified by our POI bilirubin rather than death from any cause so we can assess potential confounding


-1 You don’t present Kaplan-Meier survivial curves


�There was a larger proportion of males among those who die from any cause compared to those that didn’t die, but the large majority were still female, so saying they ‘tended to be male’ is a bit misleading


�So would you say it is a confounder or a precision variable?


�It might be more helpful to present summary statistics stratified by bilirubin levels (our POI) rather than death from any cause so that we can assess confounding (remember, to show something is a confounder we need to show it’sassociated with the POI in our sample)


�Remember, the mean and standard deviation are not defined for censored variables. We typically use Kaplan-Meier methods for summary statistics instead. 


�Score for Question 2: 5 points (of 10)


You hint at the idea that we lose information when we only look at death before/after minimum censoring time. 


-5 However, you do not mention the additional concern that ignoring censoring could introduce confounding


�It would tell us that the time to event is either greater than or less than minimum censoring time, but you’re right that it does not give us as much information as survivial mehods can.


�Score for 3a: 7 points (of 10)


Your interpretation of the CI is not correct and your write-up could benefit from a little more detail


�And Huber-White sandwich estimator for standard error


�It would be helpful to report the number of events observed (161 deaths)


�The instantaneous risk (or hazard) of all-cause…


�What is statistically significant? What hypothesis are you testing?


�These don’t quite match the key


�No. the 95% CI suggests that our data would not be surprising if the true hazard ratio were between 1.127 and 1.179


�Score for 4b: 7 points (of 10)


Your interpretation of the CI is not correct and your write-up could benefit from a little more detail


�Score for 4a: 4 points (of 5)


�I think it is much more important to think about the scientific motivation behind log-transforming bilirubin rather than downweighting the outliers. We might be able to think of a situation where we actually are interested in the outliers and wouldn’t want to downweight them but it would still make sense scientifically to log transform the variable.


�And Huber-White sandwhich estimator for standard error


�Instantaneous risk (hazard)


�What test did you conduct? What conclusions do you reach because of this “statistically significant” result? 


�No. The 95% CI suggests that our observed data would not be unusual if the true hazard ratio were between 1.781 and 2.212


�Score for 5a: 4 points (of 10)


Your writeup is a little unclear so it is hard for me to tell if you fully understood how to answer this question. On the one hand, it seems like you maybe created a model with just log transformed bilirubin as your only predictor, and then compared the results from that model to results from a model with only untransformed bilirubin. But, what we want to do is fit a model with terms for both transformed and untransformed bilirubin as predictors and test whether the coefficient for transformed bilirubin is significantly different than zero. We cannot answer this question simply by comparing a model with log transformed bilirubin and another model with untransformed bilirubin and comparing their pvalues. From your writeup it seems like you fit two separate models and compared their p-values. 





However, it is also possible that you fit a model with both transformed and untransformed bilirubin (I have a hard time telling for sure what you did from your methods section). This is the model that we want to be fitting. But then, if this is the model that you fit, it seems that you then compared the pvalues for the coefficients for the transformed and untransformed terms. This is not quite what we want to do either. It is not appropriate to say that tranfromed bilirubin provides a better fit simply because it’s pvalue is smaller, especially because we need to remember that this is a multiple linear regression and transformed and untransformed bilirubin will be highly correlated. Rather we want to focus only on the pvalue for transformed bilirubin and ask ourselves if adding this transformed bilirubin term offers significant improvement over having just untransformed bilirubin in the model. If we can add a term that offers significant improvement over having only untransformed bilirubin, that suggests that untransformed bilirubin is not alone the best fit for the data.





In either case, what you have done is not quite right and your write-up could benefit from more details to be sure what you have done.


�Log-transformed serum bilirubin AND untransformed bilirubin


�More detail on how you used this regression to evaluate the linearity of the association would be helpful. See key.


�We do not want to be looking at p-values only to be evaluating whether the association between bilirubin and mortality is linear. Rather, we want to fit a model with both transformed and untransformed bilirubin and see if there is evidence that the log transformed bilirubin coefficient is different from zero. See key for more details.


�


�Your blue fitted values are not correct, but I’m not sure why


�Score for Question 6: 5 points (of 10)


Your fitted values for the model from question 3 are not right.


You do not label the y-axis or have a title for your figure


The legend is not clear (what does predictbili mean versus logpredict?) so it makes it difficult to interpret the plot


�Recall from your earlier interpretation (question 3) that your hazard ratio was estimated to increase for increasing serum bilirubin, so this should be a sign to you that your fitted values plotted here are not quite right


�Score for Question 7a: 6 points (of 10)


You make some statements about the associations between sex and age and serum bilirubin, but do not provide convincing evidence to back up your points. It would have been especially helpful in answering this question if your Table 1 had been stratified by bilirubin levels rather than death by any cause so that your reader could assess for themselves whether they believe there is evidence of an association between these variables and our POI in the sample.


�It is hard to know exactly what you are basing this statement on, but I presume it may have something to do with the figure you present below. One thing you need to be very careful about when looking at such scatterplots is to take care not to misinterpret the range of the data as representing the variance of the data. From this plot I have a hard time telling whether your statement that bilirubin levels are more variable for middle-aged people is correct. It looks to me like there may just be a wider range to bilirubin levels “in the middle of the age distribution” because we have more subjects in that age range.


�In the key it says that there is a tendency for men to have higher bilirubin levels than women in our sample, but this does not line up with what you say here


�Score for 7b: 0 points (of 10)


You do not provide an answer to this question about age and sex as potential precision variables. See key


�Score for 7c: 5 points (of 10)


You do not explain what you did about all the missing records for sex.


Your language is a bit imprecise when talking about the hazard: are you talking about ratios or differences?


Your CI interpretation is incorrect


Your answer to 4a and 6a would suggest you really should be looking at log-transformed bilirubin rather than untransformed bilirubin here.


Also, when you interpret your coefficients you forget to point out that that these are our estimated changes in hazard for variable X, holding variables Y and Z constant. This is a very important point to make when conducting multiple regression.





�Log transformed or not?


�What did you do with those individuals?


�Hazard/instantaneous risk


�Holding sex and age constant


�Are you talking about a difference or a ratio? When you talk about a 16.15% increase in the hazard it seems like you’re talking about ratios of hazards, but here you say difference instead


�No. This is an incorrect interpretation of the CI. We would not be surprised to observe such data if the true hazard ratio were between X and Y.


�Holding sex and bilirubin constant


�Incorrect interpretation of CI


�Holding sex and bilirubin constant


�It is important to note that just because this p value is not significant does not mean we can leave out the CI. In fact, it may even be more important in this scenario when the p value is not significant to still present a confidence interval.


�Question 8: 0 points (of 10)


While I agree with your point that adjusting for treatment could add precision, it is important to note that this is an RCT so there can be no association between treatment and bilirubin and thus there will be no confounding.






