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1. Methods: Values of bilirubin were log transformed (using log base 2), and stratified into four groups. Mean and standard deviation were calculated for the descriptive statistics of age. Kaplan-Meier methods were used on the censored survival data, and the 5- and 10-year survival data were extracted. Descriptive statistics are presented for each category, and for the entire sample. 

Inference: The table below describes the sample population, as stratified by the log transformed bilirubin level. There was no missing data for age, or bilirubin, however data for sex was missing in 106 subjects, so total n values are corrected in the table for sex. There tended to be a higher percentage of males in the groups with higher log(bilirubin) values than lower. The age did not appear to differ significantly between groups. Survival time was censored, and the Kaplan-Meier graph is displayed below. 5- and 10-year survival, as derived from the Kaplan-Meier methods, show a trend toward lower survival with higher log(bilirubin) levels, which can also be seen in the graph. 
	
	Value of log(bilirubin)
	

	
	< 0
(n=142)
	0 – 1

(n=107)
	1 - 2
(n=78)
	> 2

(n=91)
	All subjects

(n=418)

	Males n/total (%)
	7/104 (6.7)
	9/77 (11.7)
	11/63 (17.5)
	9/68 (13.2)
	36/312 (11.5)

	Age mean ± SD
	51.2 ± 9.8
	50.6 ± 10.8
	50.2 ± 11.4
	50.7 ± 10.4
	50.7 ± 10.4

	# of observed deaths
	20
	30
	44
	67
	161

	5-yr Survival*
	93.1 (87.0, 96.3)
	87.1 (78.8, 92.3)
	52.5 (39.3, 64.2)
	26.7 (17.2, 37.1)
	70.3 (65.4, 74.6)

	10-yr Survival*
	76.3 (61.8, 86.0)
	53.9 (38.1, 67.2)
	9.52 (1.82, 2.51)
	8.51 (1.06, 26.3)
	44.2 (36.4, 51.7)


* Derived from Kaplan-Meier methods, described as % (95% CI)
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2. This data set has censored survival data, which would confound any attempt at investigating mortality associations using logistic regression. By using logistic regression, you would only be investigating the association between observed mortality and your predictor of interest. This could potentially cause confounding due to patients who were lost to follow-up but could died during the study period, as well as decreasing your precision by truncating your max survival time to only include the study observation period.

3. Methods:  Proportional hazards regression modeling was used to compare the instantaneous risk of death by untransformed continuous serum bilirubin level. All subjects had serum bilirubin levels available. The results of the proportional hazards regression provided a description of the association between instantaneous risk of death and serum bilirubin in the hazard ratio. Results include the hazard ratio with a 95% confidence interval, as calculated using Wald statistics based on the Huber-White sandwich estimator. An alpha level of 0.05 was used to determine statistical significance.

a. Inference: During the observation period, 161 of the total 418 subjects were observed to die. Using the proportional hazards model, we estimated that there is a relative increase in the risk of death of 15.2% (hazard ratio 1.152) per 1 mg/dL increase in serum bilirubin level. This association is statistically significant (p<0.001) and would not be unusual if the true hazard ratio were between 1.121 and 1.185 (95% CI). We can reject the null hypothesis that there is no association between serum bilirubin level and the instantaneous risk of death in this population.

b. For each population defined by serum bilirubin value, hazard ratio was computed relative to a group having serum bilirubin of 1 mg/dL. See the graph in problem 6 (linear fit).
4. Methods:  Values of serum bilirubin were log transformed using log base 2. Proportional hazards regression modeling was used to compare the instantaneous risk of death by log transformed continuous serum bilirubin level. All subjects had serum bilirubin levels available. The results of the proportional hazards regression provided a description of the association between instantaneous risk of death and log(bilirubin) in the hazard ratio. Results include the hazard ratio with a 95% confidence interval, as calculated using Wald statistics based on the Huber-White sandwich estimator. An alpha level of 0.05 was used to determine statistical significance.

a. This method may be preferred a priori due to the understanding of the behavior of bilirubin and its relationship with liver function. As the level can be a reflection of the dysfunction of a chemical reaction intended to convert bilirubin to a form that can be excreted from the body, it could be expected that there could be a log relationship. Also, as PBC likely produces large outliers in bilirubin levels, log-transformed data may be preferred for that reason as well.
b. Inference: During the observation period, 161 of the total 418 subjects were observed to die. Using the proportional hazards model, we estimated that there is a relative increase in the risk of death of 98.4% (hazard ratio 1.984) for each two-fold increase in serum bilirubin level. This association is statistically significant (p<0.001) and would not be unusual if the true hazard ratio were between 1.781 and 2.212 (95% CI). We can reject the null hypothesis that there is no association between log(bilirubin) and the instantaneous risk of death in this population.
c. For each population defined by serum bilirubin value, hazard ratio was computed relative to a group having serum bilirubin of 1 mg/dL. See the graph in problem 6 (log fit).
5. Methods:  Values of serum bilirubin were log transformed using log base 2. Proportional hazards regression modeling was used to test the linearity of the instantaneous risk of death by continuous serum bilirubin level. To accomplish this, the log transformed bilirubin variable was added to the model of untransformed bilirubin values. If a true linear relationship existed, the hazard ratio of the log transformed data would be equal to 1. All subjects had serum bilirubin levels available. The results of the proportional hazards regression provided a description of the association between instantaneous risk of death and both untransformed bilirubin level and log(bilirubin) in the hazard ratio. Results include the hazard ratios with a 95% confidence interval, as calculated using Wald statistics based on the Huber-White sandwich estimator. An alpha level of 0.05 was used to determine statistical significance.

a. Inference: During the observation period, 161 of the total 418 subjects were observed to die. Using the proportional hazards model that included both the untransformed and log transformed bilirubin levels, the estimated hazard ratio for the log(bilirubin) values was 2.271 for each two-fold increase in serum bilirubin level. This association is statistically significant (p<0.001) and would not be unusual if the true hazard ratio were between 1.828 and 2.821 (95% CI). We can reject the null hypothesis that the hazard ratio of log(bilirubin) is equal to 1 and that the risk of death by serum bilirubin value can be adequately modeled by a linear model. To the contrary, the fact that the non-transformed hazard ratio is not statistically significantly different from 1 (HR 0.961, 95% CI 0.911 – 1.014) suggests that the log transformed model would likely be preferable.
b. For each population defined by serum bilirubin value, hazard ratio was computed relative to a group having serum bilirubin of 1 mg/dL. See the graph in problem 6 (test of linearity).
6. The fitted values of the three models from problems 3-5 are displayed below. All three models show a trend toward an increase in the instantaneous risk of death as bilirubin values increase. The linear and log transformed models do appear to be significantly different from each other. The test of linearity is closer in relationship to the log-transformed model (differing mostly at the upper end of bilirubin values), once again suggesting that the log-transformed model may be better to model this data.
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a. Sex is likely a confounder in the association between death and bilirubin. It appears to be both associated with the predictor (men tended to have a higher log(bilirubin) value: 1.12 vs. 0.79) and the outcome (61.1% of men were observed to die, while only 37.3% of women were observed to die). Age did not appear to be associated with log(bilirubin) value.
b. Age is likely a precision variable in this analysis. It does not appear to be associated with the predictor (log(bilirubin)), however is certainly associated with a person’s instantaneous risk of death. This can be confirmed in the data set by performing a proportional hazards regression to evaluate the association between age and the instantaneous risk of death, which gives a hazard ratio of 1.040 (a 4% increase in the instantaneous risk of death for every increase in age by one year). Sex is likely a confounder, not a precision variable, as described above.
c. Methods:  Values of serum bilirubin were log transformed using log base 2. Proportional hazards regression modeling was used to compare the instantaneous risk of death by log transformed continuous serum bilirubin level. In order to adjust for age and sex, both variables were added to the mode. 106 subjects did not have sex recorded, so were excluded from analysis. The results of the proportional hazards regression provided a description of the association between instantaneous risk of death and log(bilirubin) in the hazard ratio. Results include the hazard ratio with a 95% confidence interval, as calculated using Wald statistics based on the Huber-White sandwich estimator. An alpha level of 0.05 was used to determine statistical significance.

Inference: During the observation period, 125 of the total 312 subjects were observed to die. Using the proportional hazards model, we estimated that there is a relative 2.108 fold increase in the risk of death (hazard ratio 2.108) for each two-fold increase in serum bilirubin level when age and sex are held constant. This association is statistically significant (p<0.001) and would not be unusual if the true hazard ratio were between 1.840 and 2.416 (95% CI). We can reject the null hypothesis that there is no association between log(bilirubin) and the instantaneous risk of death in this population when adjusting for age and sex.
7. Ignoring the intervention in the RCT could potentially introduce confounding into our analysis. RCTs, on average, are free from confounding for the groups that are created by the study design. As all of our analysis is looking at the data using groups that are likely independent from the study intervention groups, our analysis can not be supported with the same confidence as if we had used the intervention groups.
