
Biost 518: Applied Biostatistics II
Homework #4
February 2, 2015
This homework investigates associations between death from any cause and age, sex, and serum bilirubin in a population of patients with primary biliary cirrhosis who were enrolled in a randomized clinical trial (RCT) of D-penicillamine. The data can be found on the class web page (follow the link to Datasets) in the file labeled liver.txt. Documentation is in the file liver.doc. 
1. Provide suitable descriptive statistics pertinent to the scientific questions addressed in this homework.

Methods:

This is descriptive analysis of a randomized clinical trial of D-penicillamine on a sample of patients with diagnosed primary biliary cirrhosis. Patients had varying levels of serum bilirubin ranging from 0.3 to 28mg/dl. Given the nature of the predictor and response variable, bilirubin was classified into 5 categories based on a multiplicative scale as shown in the table below.
Summary statistics were provided for age, and frequency distributions of gender and treatment presented across all serum bilirubin categories. Median survival time and survival at different time points during follow up (2yrs, 5years and 10 years) were estimated using Kaplan Meier methods.
Observation time was converted from days to years.

Results:

Data was available on 418 patients of whom 106 were missing data for gender and 109 missing data for treatment. Total follow up time was 13.13 years. Mean serum bilirubin was 3.22mg/dl, (SD= 4.4). Mean age at enrolment was 50.7years, (SD=10.4). Age at enrolment and gender were fairly similar across groups defined by serum bilirubin. Survival probability was low with increasing time of follow up from 2years to10 years and also reduced with increasing serum bilirubin levels. Relatedly, median survival time was 9.29 years and this was found to decrease with increasing serum bilirubin.
	
	
	Serum Bilirubin mg/dl

	
	0-1
	1.1-2
	2.1-4
	4.1-8
	8.1-16
	16.1-32
	Total

	N subjects
	157
	99
	73
	47
	28
	14
	418

	Age(mean, SD)
	50.7(10.1)
	51.4(10.7)
	49.9(11.2)
	50.86(11.7)
	49.9(9.4)
	50.5(6.7)
	50.7(10.4)

	Females* (%)
	69.4
	61.6
	64.4
	65.9
	53.6
	92.7
	65.9

	N deaths
	22
	32
	42
	31
	21
	13
	161

	Survival at  2yrs

                   5yrs

                   10yrs
	96.8%
93.6%

75.9%
	93.9%
82.2%

48.1%
	84.9%
52.6%

10.7%
	76.5%
33.7%

12.5%
	60.7%
29.5%

-
	57.1%
7.1%

-
	88%
70.3%

44.2%

	Received treatment (%)
	35
	58.6
	54.2
	51.3
	37.5
	30.7
	37.5

	Median survival time(yrs)
	N/A
	9.74
	6.26
	3.69
	2.16
	2.33
	9.29


*107 patients missing data for gender
*109 patients missing data for treatment

Figure1.

Kaplan Meier Curve showing survival distribution by serum bilirubin categories 
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Figure 1 presents the Kaplan Meier survival probability estimates graphically across defined categories of serum bilirubin. 

Methods:

Distributions of time to death was compared across categories defined by baseline serum bilirubin levels using proportional hazards regression analysis modelling serum bilirubin as a continuous untransformed variable. Association between outcome status which is death was summarized by the hazards ratio computed from the regression model and confidence and p-values computed from Wald statistics. 
Results: 

Data was available on 418 subjects with a mean serum bilirubin of 3.2mg/dl (SD 4.4, range 0.3 to        28). From a proportional hazard regression, we estimate for each doubling of serum bilirubin, the risk of instantaneous death is 1.98 times higher in the group with higher serum bilirubin. A 95%CI suggests that this observation would not be unusual if a group with double levels of serum bilirubin has an instantaneous risk of death anywhere between 1.78 to 2.21 times as high as the group with lower serum bilirubin. A two sided p-value of <0.0001 suggests that we can with high confidence reject the null hypothesis that the risk of death is not associated with serum bilirubin levels in favor of a tendency for higher mortality with higher serum bilirubin levels.
2. In prior homeworks using the Cardiovascular Health Study datasets, we were able to use logistic regression to investigate associations between mortality and various covariates. Why might such an approach not seem advisable with these data? (Consider the extent to which such analyses might be confounded and/or lack precision.) 
From the data, the range of follow up for patients who are censored is 1.46 years to 13.12 yrs. Dichotomizing observation time based on this least time of follow up as we did for previous homework sets would not be advisable because the minimum follow up time is too short to compared to the total follow up time. 1.46 years is just over 10 percent of the total follow up time which would enable us attribute any association to 36 participants or 8.6 % of the study population. 
3. Perform a statistical regression analysis evaluating an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous variable. 
Include a full report of your inference about the association.
a. Cox proportional hazards regression analysis is used to evaluate an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous untransformed variable. Confidence intervals and a 2 sided p-value are estimated using the Wald statistics based on the Huber White estimator.
From proportional hazard regression analysis, we estimate that for each 1mg/dl unit difference in serum bilirubin the instantaneous risk of death is 15.2% higher in the group with higher serum bilirubin. This estimate is highly statistically significant. P<0.001. A 95%CI suggests that this observation is not unusual if a group that has a 1mg/dl higher bilirubin might have an instantaneous risk of death from 12.1% to 18.4% higher than the group with lower serum bilirubin.
Or when looking at a larger difference of say 10mg/dl of serum bilirubin, 

From proportional hazard regression analysis, we estimate that for a 10m/dl difference in serum bilirubin, the instantaneous risk of death is 4.13 times higher in the group with higher serum bilirubin. This estimate is highly statistically significant with a p-value of <0.0001. A 95%CI suggests that this observation is not unusual if a group that has 10mg/dl higher serum bilirubin might have 3.13 to 5.45 times higher the instantaneous risk of death compared to a group with lower serum bilirubin.
b. For each population defined by serum bilirubin value, compute the hazard ratio relative to a group having serum bilirubin of 1 mg/dL. (This will be used in problem 6). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model, this can be effected by the Stata code

gen fithrA = HR ^ (bili – 1)

It could also be computed by creating a centered bilirubin variable, and then using the Stata predict command




gen cbili = bili – 1
stcox cbili
predict fithrA  
4. Perform a statistical regression analysis evaluating an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous logarithmically transformed variable. 

a. Why might this analysis be preferred a priori?
Because we are dealing with biological data which is best interpreted on a multiplicative scale.  Many physiologic mechanisms act on a multiplicative scale by virtue of chemical reactions associated with absorption and excretion kinetics. In this case, primary biliary cirrhosis affects the ability of the body to excrete bilirubin. In the diseased state, bilirubin will increase on a multiplicative scale for each step in disease progression. 
b. Include a full report of your inference about the association.
Cox proportional hazards regression analysis is used to evaluate an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous logarithmically transformed variable. Confidence intervals and a 2 sided p-value are estimated using the Wald statistics based on the Huber White estimator.

From a proportional hazard regression, we estimate for each doubling of serum bilirubin, the risk of instantaneous death is 1.98 times higher in the group with higher serum bilirubin. This estimate is statistically significant p<0.0001. A 95%CI suggests that this observation would not be unusual if a group with double levels of serum bilirubin has an instantaneous risk of death anywhere between 1.78 to 2.21 times as high as the group with lower serum bilirubin.
c. For each population defined by serum bilirubin value, compute the hazard ratio relative to a group having serum LDL of 1 mg/dL. (This will be used in problem 6). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model, this can be effected by the Stata code 
gen logbili = log(bili)

stcox logbili
fithrB = HR ^ (logbili)

(Note that the log(1) = 0 when using any base, so there is no need to rescale by the bilirubin values. Note also that you might want to use a different base in your logarithmic transformation in order to facilitate more natural reporting of effects.)  
5. One approach to testing to see whether an association between the response and the predictor of interest is adequately modeled by an untransformed continuous variable is to add some other transformation to the model and see if that added covariate provides statistically significant improved “fit” of the data. In this case, we could test for “linearity” of the bilirubin association with the log hazard ratio by including both the untransformed and log transformed bilirubin. (Other alternatives might have been bilirubin and bilirubin squared, but in this case our a priori interest in the log bilirubin might drive us to the specified analysis.) 

a. Provide full inference related to the question of whether the association is linear.
A cox proportional hazards regression analysis is conducted to evaluate an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous untransformed variable with an added covariate of logarithmically transformed bilirubin. Confidence intervals and a 2 sided p-value are estimated using the Wald statistics based on the Huber White estimator.
On using a proportional hazard regression analysis of untransformed bilirubin with an added co-variate of transformed bilirubin, the instantaneous risk of death is 3.26 times higher with a p-value <0.0001 which a statistically significant improved fit of the data p<0.0001 compared to p=0.148 obtained from the model without an added covariate. This suggests non linearity between untransformed bilirubin and status outcome.
b. Again, save the fitted values from this model by obtaining the estimated HRs relative to a group with bilirubin of 1 mg/dl. (This will be used in problem 6.)

6. Display a graph with the fitted hazard ratios from problems 3 - 5. Comment on any similarities or differences of the fitted values from the three models.
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The transformed model and added transformed models provide similar fits at serum bilirubin levels below 15mg/dl after which the models diverge. This is probably because the data becomes sparse (less than 4% of study participants have serum bilirubin levels greater than 15mg/dl). After this point, the transformed fit maintains a linear shape while the added transformed model takes on a more curvilinear shape. To the extent that this is an accurate representation of the true association this makes more sense.
7. We are interested in considering analyses of the association between all cause mortality and serum bilirubin after adjustment for age and sex.

a. What evidence is present in the data that would make you think that either sex or age might have confounded the association between death and bilirubin? (In real life, we would ideally decide whether to adjust for potential confounding in our pre-specified statistical analysis plan (SAP)).

From the descriptive analysis presented in table 1, the distribution of age and sex across the different categories of serum bilirubin is comparable with exception of the highest level of bilirubin that had very few numbers. Age and sex are not likely to have confounded the association between death and bilirubin. 

b. What evidence is present in the data that would make you think that either sex or age might have added precision to the analysis of the association between death and bilirubin? (In real life, we would ideally decide whether to adjust in our pre-specified SAP).

We would review the confidence intervals for any overlap from the model unadjusted for age and sex and the adjusted model for age and sex. The CIs overlap as shown below suggesting that adjusting for these covariates might not have added precision to the analysis of the association.
95%CI from unadjusted model 1.78 to 2.21
95%CI from adjusted model 1.84 to 2.41
c. Provide full inference regarding an association between death and bilirubin after adjustment for sex and age.

Cox proportional hazards regression analysis is used to evaluate an association between serum bilirubin and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum bilirubin modeled as a continuous logarithmically transformed variable adjusted for age and sex. Confidence intervals and a 2 sided p-value are estimated using the Wald statistics based on the Huber White estimator.

From a proportional hazard regression, we estimate for each doubling of serum bilirubin, adjusted for age and sex, the risk of instantaneous death is 2.11 times higher in the group with higher serum bilirubin. This estimate is statistically significant p<0.0001. A 95%CI suggests that this observation would not be unusual if a group with double levels of serum bilirubin has an instantaneous risk of death anywhere between 1.84 to 2.42 times than the group with lower serum bilirubin.
8. Note that in the above analyses, we completely ignored the intervention in the RCT? What impact could this have had on our results?

Intervention associated with outcome not with exposure. This intervention drug was considered experimentally due to its action in aiding the excretion of copper and its activity in auto-immune processes. If effective, it would potentially improve the outcome status but is not associated with the exposure. It is a precision variable and therefore not accounting for intervention would affect the precision of our results.

