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1. Methods
: Kaplan Meier estimates were used for censored data descriptive statistics. Bilirubin was categorized by the standard levels of bilirubin 
(normal is between 0.1-1 mg/dl as per Mayo Clinic guidelines
). Since our data is only studying people with primary biliary cirrhosis, the bilirubin levels vary drastically from normal levels. Thus, after the mayo clinic standard of normal, bilirubin was divided into 1-2mg/dl and then a two fold increase of bilirubin thereafter
. 
Inference: of the 418 participants that joined the study with primary biliary cirrhosis, 161 participants were known to die during the study from any cause. The distribution of sex and age across bilirubin levels looks to be approximately equal, assuming that the missing sex 
data is not unevenly distributed across groups. See the table and Kaplan Meier graph below
. 
	 
	Bilirubin at Baseline

	 
	0-1 mg/dl
	1-2 mg/dl
	2-4mg/dl
	4-8mg/dl
	8-16mg/dl
	16-32mg/dl
	all Bili

	N Subjects
	142
	107
	78
	48
	27
	16
	418

	N Deaths
	20
	30
	44
	32
	20
	15
	161

	Female (%)1
	93.27%
	88.31%
	82.54%
	78.95%
	94.12%
	100%
	88.46%

	Mean Age
	51.19 (9.80)
	50.56 (10.8)
	50.16 (11.4)
	50.91 (11.6)
	50.75 (10.1)
	50.23 (6.4)
	50.74 (10.4)

	5 Year Survival Probability
	93.06%
	87.11%
	53.50%
	32.95%
	50.86%
	6.25%
	70.29%

	10 Year Survival Probability
	76.33%
	53.85%
	9.52%
	12.20%
	na
	na
	44.22%

	Restricted Mean Survival
	10.79years
	9.01 yr
	6.07 yr
	4.74 yr
	3.25 yr
	2.21 yr
	8.35 yr

	1 Missing 106 participant sex records
	
	
	
	


[image: image1.emf]0.00


0.25


0.50


0.75


1.00


0


5


10


15


analysis time


bili 0-1 mg/dl


bili 1-2 mg/dl


bili 2-4 mg/dl


bili 4-8 mg/dl


bili 8-16 mg/dl


bili 16-32 mg/dl


Kaplan-Meier survival estimates




0.00

0.25

0.50

0.75

1.00

0 5 10 15

analysis time

bili 0-1 mg/dl bili 1-2 mg/dl

bili 2-4 mg/dl bili 4-8 mg/dl

bili 8-16 mg/dl bili 16-32 mg/dl

Kaplan-Meier survival estimates


2. Log
isitic regression is inadvisable in this data since we don’t want to look at the odds of mortality with mortality being binary and looking across two groups for an association. This data set is censored
 and instead we want to look at time to death instead of death as a binary yes/no variable. We therefore lack precision if we only talked about people dying or living instead of talking about their time
 to death. The analysis might also be confounded by time since we would not be considering that in the logistic regression of a predictor of interest and the response of death.

3. Methods
: To evaluate the association between serum bilirubin 
and the all-cause mortality used the proportional hazard regression to compare the hazard of death over the study
. We did not assume equal variance
s and therefore use the Huber-White sandwich estimator. Confidence intervals 
and two sided p values are computed using Wald statistics. 

Inference: Bilirubin levels was available on all 418 participants. 
The mean bilirubin level at baseline was 3.22 mg/dl (SD: 4.41 mg/dl) with a minimum level of 0.3 and maximum of 28 mg/dl. People were observed up a little over 13 years with the average timeframe being 5.25 years from a participant’s baseline. Using proportional hazard regression, for a one unit (1 mg/dl) in bilirubin, the risk of death is 1.5
% higher in the group bilirubin
. The estimate is statistically significant (p<0.001). Reject the null that the risk of death is not associated with bilirubin. With 95% confidence this data is not unusual in the population that the risk of death is 1.2% to 1.8% higher in the group with one unit higher bilirubin. 

a. This
 analysis might be preferred since the bilirubin is present on a scale that looks more multiplicative. The minimum bilirubin is 0.3 and the maximum is 28 with the mean bilirubin of 3.22 mg/dl and SD of 4.41 mg/dl. This suggests it may be more appropriate to look at a multiplicative effect of bilirubin
 (ie, two fold increase, instead of a one unit increase)
b. Methods
: To evaluate the association between a continuous two fold increases in serum bilirubin and the all-cause mortality used the proportional hazard regression to compare the hazard of death over the study. We did not assume equal variances and therefore use the Huber-White sandwich estimator. Confidence intervals and two sided p values are computed using Wald statistics. 

Inference: Bilirubin levels was available on all 418 participants. 
The mean bilirubin level at baseline was 3.22 mg/dl (SD: 4.41 mg/dl) with a minimum level of 0.3 and maximum of 28 mg/dl. People were observed up a little over 13 years with the average timeframe being 5.25 years from a participant’s baseline. Using proportional hazard regression, for a two fold increase in bilirubin, the risk of death is 9.8% higher in the group bilirubin
. The estimate is statistically significant (p<0.001). Reject the null that the risk of death is not associated with bilirubin. With 95% confidence this data is not unusual in the population that the risk of death is 7.8% to 221% higher in the group with twice as high bilirubin. 

4. Methods:
 To evaluate the association between a serum bilirubin and the all-cause mortality used the proportional hazard regression to compare the hazard of death over the study using a quadratic function using both continuous bilirubin and log transformed (two fold) bilirubin. We did not assume equal variances and therefore use the Huber-White sandwich estimator. Confidence intervals and two sided p values are computed using Wald statistics. We will look at both the continuous bilirubin and log transformed bilirubin for a slope of non-zero. And then individually at the linearity of these variables. 

Inference: Bilirubin levels was available on all 418 participants. The mean bilirubin level at baseline was 3.22 mg/dl (SD: 4.41 mg/dl) with a minimum level of 0.3 and maximum of 28 mg/dl. People were observed up a little over 13 years with the average timeframe being 5.25 years from a participant’s baseline. The null testing that all the parameters are simultaneously zero is statistically significant (p<0.0001). Reject the null that all parameters (bilirubin and log(2) bilirubin are both zero).
 The bilirubin continuous not transformed has a p value of 0.148 while the log bilirubin’s p value is less than 0.0001. This means that we need the log transformed parameter in the model. 
5. The fitted models all have an upward trend. The log transformed and the quadratic function both look very linear. The log transformed fitted values looks very linear and is one of the easier models to explain, so if I was considering which of these to use a priori, I would choose that model. 
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6. W
e are interested in considering analyses of the association between all cause mortality and serum bilirubin after adjustment for age and sex.

a. Anecdotally I could see age and sex being associated with the predictor of interest in the sample (bilirubin). In the data, we see that our sample of primary biliary cirrhosis is largely female and with a similar mean age across bilirubin levels. So, it would appear to not be confounding in this case. 

b. Again, anecdotally I could see age and sex being casually associated with death, or time to death, but again, in this data does not show a significant difference in average obstime over age or sex. So, I don’t think that it would be a precision variable either. 

7. The 
above analysis was not looking at the impact of the treatment on death or time to death, but instead just the bilirubin level at baseline. Since the bilirubin level was collected at baseline, before randomization and since randomization was random, the predictor of interest bilirubin is not associated with treatment group. The treatment group could have an impact on time to death, so the intervention would be a precision variable if accounted for in this analysis. 
�52/105


�4/10


�In your methods section, you need to discuss by what summary measures you are describing your data means? SD proportion?)


�What about the other levels of bilirubin?


�You haven’t discussed how you would handle missing data in your methods section


�You haven’t discussed how many missing values there are in this sex variable


Age distribution is the same, but the distribution of sex seems to differ across bilirubin levels.


�In your inference statement, it is necessary to quatify and state the differences and tendencies you observe in the table and figure.





TA: NOTE THAT I AM GIVING 4 POINTS BECAUSE TWO POINTS IN THE INSTRUCTIONS FOR GRADING HAVE BEEN ADDRESSED (descriptive staistics within bilirubin categories, and survival probabilities in Table1)


�7/10


�So, how does censoring affect the analysis? If we ignore censoring, we might be concerned that the different groups were followed for different amounts of time. There might be confounding introduced by the differences in length of follow-up time. (-1)


�Follow up time was up until 18 months, by which time only 36 deaths had been observed. So, by restricting attention to the data during the first 18 months, we lack precision and would have lost all our statistical information. (-2)


�3/10


�How are you modeling bilirubin, as a continuous variable? Transformed? 


(-1)


�We would say comparing populations that differ in their serum bilirubin levels, and we quantify the hazard ratio. (-1)


�It is not clearly stated on what distribution you are not assuming equal variance, and what the Huber-White sandwich estimator is estimating. (-1)


�The 95% confidence interval?  (-1)


�We would want to know how many were observed to die (-1)


�Need appropriate significant digits here


�Confusing statement: The instantaneous risk of death is 1.5% higher for every 1 mg/dL difference in bilirubin levels (-1)


�Based on this, you need to conclude about the association between survival time and bilirubin and whether or not you reject the null hypothesis (-1)


�4/5


�plan to log transform is due to scientific interest, where we might expect stages of disease to act multiplicatively on the bilirubin level (-1)


�6/10


�No more points taken off since I have taken points off above, but I note that we need to know how many individuals were observed to die. 


�Again, this statement is not clear as to what the hazard is comparing to (-4)


�6/10


�No more points taken off for similar issues with lack of stating 95% confidence interval, and handling of missing values (mentioning at least that there were no missing values) as I have already taken off points above for the same reason. 


�Formally, we need to reject the null hypothesis that there is no association between bilirubin and death. (-4)


�I think you were modeling only quadratic fit when looking at the blue graph. This should be a model with both terms, rather than just a quadratic term. This is different from what was asked. 


(5/10)


�


Part c. is missing 0/10





�When looking at confounding by age and sex in the association between bilirubin and death, it would mean that we should look to see if age and sex are causally associated with survival time, if age and sex are associated with bilirubin, and if age and sex are not in the causal pathway between survival time. You did not point where in your table you do not see meaningful difference in age distribution by bilirubin, and sex distribution by bilirubin. In your table, we see that the proportion of females vary across the bilirubin levels. You haven’t explained these differences.


And, I am not sure if you mean “anecdotally” to say “in the data”


 (-4)  (6/10)


�How does the substantial missing value problem in the sex variable affect your decision (-9) (1/10)


�10/10





