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Biost 515: Biostatistics II
Emerson, Winter 2014
Homework #4
January 27, 2014
Written problems: To be submitted as a MS-Word compatible file to the class Catalyst dropbox by 9:30 am on Monday, February 3, 2014. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) Stata / R code and unedited Stata / R  output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Unless explicitly told otherwise in the statement of the problem, in all problems requesting “statistical analyses” (either descriptive or inferential), you should present both
· Methods: A brief sentence or paragraph describing the statistical methods you used. This should be using wording suitable for a scientific journal, though it might be a little more detailed. A reader should be able to reproduce your analysis. DO NOT PROVIDE Stata OR R CODE.
· Inference: A paragraph providing full statistical inference in answer to the question. Please see the supplementary document relating to “Reporting Associations” for details.
This homework builds on the analyses performed in homeworks #1,  #2, and #3. As such, all questions relate to associations among death from any cause, serum low density lipoprotein (LDL) levels, age, and sex in a population of generally healthy elderly subjects in four U.S. communities. This homework uses the subset of information that was collected to examine MRI changes in the brain. The data can be found on the class web page (follow the link to Datasets) in the file labeled mri.txt. Documentation is in the file mri.pdf. See homework #1 for additional information. 
1. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled as a continuous variable. 
a. Include full description of your methods, appropriate descriptive statistics, and full report of your inferential statistics (Point estimate, P-value and CI).
Methods: 
Descriptive statistics for the distribution of time (in days) to death by different serum LDL levels, namely, below 100 mg/dL (Ideal for people at risk of heart disease), 100-129 mg/dL (Ideal), 130-159 mg/dL (Borderline high) and 160 mg/dL and above (High), are provided. Statistics provided include the number of observations (N), the number of observed events/death (Ev), the mean (possibly restricted to a specified time (Restr)), the 10th, 15th and 20th percentiles (median and IQR were not provided because none of groups have more than 28% people dead), the minimum (Min) and maximum (Max) (possibly censored as denoted), and the probability of survival by 2, 3, 4 and 5 years (730, 1095, 1460 and 1825 days).

The hazards of subjects dying over the entire period of observation were compared between subjects who differed in serum LDL level using a simple proportional hazard (Cox) model using robust SE. Statistical inference on the ratio of hazard of death as a function of serum LDL level modeled as a linear continuous variable was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using maximum likelihood. Two-sided p value and 95% confidence interval were computed using the approximate normal distribution for Cox regression parameter estimates.
Results: 
There are 735 observations. However, 10 observations have missing value for serum LDL level and thus were excluded from the analysis. The total number of observations analyzed here is N=725. The descriptive statistics for the four LDL level groups and for the total are shown in Table 1. Figure 1 shows the K-M estimated survival curves for the four groups.
Table 1: descriptive statistics for the distribution of time (in days) to death by serum LDL levels
	
	N (Ev)
	Mean (Restr)
	10th, 15th, 20th
	(Min, Max)
	(2,3,4,5 yr Surv Prob)

	Below 100 mg/dL
	165 (38)
	1930.0 (2147)
	1265, 1491, 1788
	(245, >2147)
	(0.964, 0.909, 0.867, 0.800)

	100-129 mg/dL
	228 (44)
	1947.7 (2149)
	1246, 1630, 1957
	(146, >2149)
	(0.939, 0.912, 0.877, 0.811)

	130-159 mg/dL
	225 (34) 
	2002.2 (2158)
	1569, 1918, ----
	(68, >2158)
	(0.956, 0.929, 0.911, 0.871)

	160 mg/dL and above
	107 (15)
	2028.1 (2158)
	1508, 1968, ----
	(415, >2158)
	(0.981, 0.953, 0.907, 0.869)

	Total
	725 (131)
	1976.6 (2158)
	1338, 1728, 2022
	(68, >2158)
	(0.956, 0.923, 0.890, 0.836)


Figure: 1 K-M estimated survival curves

[image: image1.png]Probability of Survival
0.50 0.75 1.00

0.25

0.00

Kaplan-Meier survival estimates

o

T T
500 1000
Days

T T
1500 2000

LDL = Below 100 mg/dL
LDL = 130-159 mg/dL

LDL = 100-129 mg/dL
LDL = 160 mg/dL and above





From Table 1 and Figure 1, the descriptive statistics show that higher LDL serum level seems to be a protective factor against all-cause mortality. 
For the regression analysis, data was available on 725 subject having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL). Over the entire period of observation, 131 patients (18.1%) were observed to die, with 594 patients (81.9%) being right-censored during the study or surviving to the end of the study. From proportional hazards regression analysis, we estimate that for each 10 mg/dL unit difference in serum LDL level, the hazard of death is 7.38% lower in the group with the higher serum LDL level (mortality hazard ratio 0.993). Based on a 95% confidence interval, this observed hazard ratio suggesting higher survivor probabilities for groups of patients with higher LDL levels would not be judged unusual if the true ratio of survival probability were anywhere from 1.82% to 12.90% higher probability of survival in a group having serum LDL 10 mg/dL higher than another group (95% CI for mortality hazard ratio 0.987 to 0.998). A two-sided p value of 0.009 suggests that we can with high confidence reject the null hypothesis that the hazard of overall all-cause mortality is not associated with serum LDL levels in favor of a tendency for lower mortality with higher serum LDL levels.
b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). 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 ^ (ldl – 160)

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




gen cldl = ldl – 160

stcox cldl

predict fithrA  


A list of fitted values is shown in question 3b. 

2. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled as a continuous logarithmically transformed variable. 

a. Include full description of your methods, appropriate descriptive statistics (you may refer to problem 1, if the descriptive statistics presented there are adequate for this question), and full report of your inferential statistics.

Methods: 

Although in this question we log-transformed the serum LDL level, I remained to use the more scientific way to divide serum LDL into four different groups as I did in question 1. Therefore, the strategy for providing descriptive statistics remained the same. 
Descriptive statistics for the distribution of time (in days) to death by different serum LDL levels, namely, below 100 mg/dL (Ideal for people at risk of heart disease, log LDL < 6.65), 100-129 mg/dL (Ideal, 6.65 <= log LDL< 7.03), 130-159 mg/dL (Borderline high, 7.03<= log LDL< 7.33) and 160 mg/dL and above (High, log LDL>= 7.33), are provided. Statistics provided include the number of observations (N), the number of observed events/death (Ev), the mean (possibly restricted to a specified time (Restr)), the 10th, 15th and 20th percentiles (median and IQR were not provided because none of groups have more than 28% people dead), the minimum (Min) and maximum (Max) (possibly censored as denoted), and the probability of survival by 2, 3, 4 and 5 years (730, 1095, 1460 and 1825 days).

The hazards of subjects dying over the entire period of observation were compared between subjects who differed in the log of serum LDL level using a simple proportional hazard (Cox) model using robust SE. Statistical inference on the ratio of hazard of death as a function of log (base 2) serum LDL level modeled as a linear continuous variable was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using maximum likelihood. Two-sided p value and 95% confidence interval were computed using the approximate normal distribution for Cox regression parameter estimates.
Results: 

For the descriptive statistics, please refer to question 1. Both the table and the figure apply to this question as well. 
For the regression analysis, data was available on 725 subject having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL) and mean log serum LDL of 6.919 (SD 0.422; rage 3.459 – 7.948). Over the entire period of observation, 131 patients (18.1%) were observed to die, with 594 patients (81.9%) being right-censored during the study or surviving to the end of the study. From proportional hazards regression analysis, we estimate that for each doubling in serum LDL level, the hazard of death is 43.6% lower in the group with the higher serum LDL level (mortality hazard ratio 0.564). Based on a 95% confidence interval, this observed hazard ratio suggesting higher survivor probabilities for groups of patients with doubled LDL levels would not be judged unusual if the true ratio of survival probability were anywhere from 26.2% to 56.9% higher probability of survival in a group having serum LDL twice as high as another group (95% CI for mortality hazard ratio 0.431 to 0.738). A two-sided p value <0.0001 suggests that we can with high confidence reject the null hypothesis that the hazard of overall all-cause mortality is not associated with serum LDL levels in favor of a tendency for lower mortality with higher serum LDL levels.
b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). 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 logldl = log(ldl)

stcox logldl

fithrB = HR ^ (logldl – log(160))

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




gen clogldl = log(ldl / 160)
stcox clogldl

predict fithrB  


A list of fitted values is shown in question 3b. 
3. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled quadratically (so include both a term for serum LDL modeled continuously and a term for the square of LDL). 

a. Include full description of your methods, appropriate descriptive statistics (you may refer to problem 1, if the descriptive statistics presented there are adequate for this question), and full report of your inferential statistics. In the inferential statistics, include your conclusion regarding the linearity of the association of serum LDL and the log hazard.
Methods: 

Although in this question the serum LDL level is modeled quadratically, I remained to use the more scientific way to divide serum LDL into four different groups as I did in question 1. Therefore, the strategy for providing descriptive statistics remained the same. 

Descriptive statistics for the distribution of time (in days) to death by different serum LDL levels, namely, below 100 mg/dL (Ideal for people at risk of heart disease), 100-129 mg/dL (Ideal), 130-159 mg/dL (Borderline high) and 160 mg/dL and above (High), are provided. Statistics provided include the number of observations (N), the number of observed events/death (Ev), the mean (possibly restricted to a specified time (Restr)), the 10th, 15th and 20th percentiles (median and IQR were not provided because none of groups have more than 28% people dead), the minimum (Min) and maximum (Max) (possibly censored as denoted), and the probability of survival by 2, 3, 4 and 5 years (730, 1095, 1460 and 1825 days). 
The hazards of subjects dying over the entire period of observation were compared between subjects who differed in the serum LDL level using a proportional hazard (Cox) model using robust SE. Statistical inference on the ratio of hazard of death as a function of serum LDL level modeled quadratically (using both a term for serum LDL modeled continuously and a term for the square of LDL) was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using maximum likelihood. Two-sided p value and 95% confidence interval were computed using the approximate normal distribution for Cox regression parameter estimates. Since the coefficients and the 95% CIs are difficult to be interpreted in a quadratic model, only non-linearity of the model and association between all-cause mortality and serum LDL level is discussed and interpreted using p-values. 
Results: 

For the descriptive statistics, please refer to question 1. Both the table and the figure apply to this question as well. 

For the regression analysis, data was available on 725 subject having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL). Over the entire period of observation, 131 patients (18.1%) were observed to die, with 594 patients (81.9%) being right-censored during the study or surviving to the end of the study. From proportional hazards regression analysis, the estimated coefficients (hazard ratio) for serum LDL and its quadratic term are 0.974 (95% CI: [0.956, 0.993]) and 1.000 (95% CI: [1.000, 1.000]), respectively. The coefficients and their 95% CIs are very difficult to interpret and thus are not interpreted here. The two-sided p value of the Wald-test testing both serum LDL and its quadratic term simultaneously is 0.0005, suggesting that we can with high confidence reject the null hypothesis that the hazard of overall all-cause mortality is not associated with serum LDL levels but the direction of the effect of serum LDL on mortality is hard to tell. The effect has a U-shape, with both low and high serum LDL levels increasing the hazard of mortality. The two-sided p-value for the coefficient of the quadratic term is 0.055> 0.05, suggesting that we cannot with high confidence reject the null hypothesis that the association between all-cause mortality and the serum LDL level is linear. However, this does not prove linearity either, because it could have been nonlinear in a way that a quadratic polynomial could not detect. 
A graph of the fitted hazard ratios from the quadratic model is provided in question 4. 

b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model for the LDL term and HR2 is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model for the squared LDL term, this can be effected by the Stata code

gen fithrC = HR^((ldl - 160)) * HR2^((ldl - 160)^2)
It could also be computed by creating a centered LDL variable, and then using the Stata predict command




gen cldl = ldl – 160




gen cldlsqr= cldl ^ 2

stcox cldl cldlsqr
predict fithrC  
A list of first 20 fitted hazard ratios from linear LDL model, log LDL model and quadratic LDL model and the corresponding serum LDL levels is shown in Table 2 here.

Table 2: Serum LDL level and fitted hazard ratios

	
	ldl
	fithrA
	fithrB
	fithrC

	1
	135
	1.203
	1.151
	1.094

	2
	84
	1.755
	1.703
	1.766

	3
	115
	1.395
	1.314
	1.259

	4
	61
	2.081
	2.219
	2.496

	5
	148
	1.093
	1.067
	1.032

	6
	163
	0.978
	0.985
	0.996

	7
	101
	1.548
	1.463
	1.441

	8
	116
	1.385
	1.305
	1.248

	9
	124
	1.305
	1.235
	1.173

	10
	110
	1.448
	1.363
	1.317

	11
	136
	1.194
	1.144
	1.088

	12
	108
	1.470
	1.384
	1.342

	13
	206
	0.711
	0.811
	1.088

	14
	130
	1.249
	1.187
	1.127

	15
	121
	1.335
	1.260
	1.199

	16
	95
	1.618
	1.539
	1.540

	17
	78
	1.835
	1.811
	1.918

	18
	110
	1.448
	1.363
	1.317

	19
	136
	1.194
	1.144
	1.088

	20
	160
	1.000
	1.000
	1.000

	…..
	
	
	
	


4. Display a graph with the fitted hazard ratios from problems 1 – 3. Comment on any similarities or differences of the fitted values from the three models.
Figure 2: Scatterplots of fitted hazard ratios
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Above is the graph of the fitted hazard ratios from the three models, namely, linear LDL model, log LDL model and quadratic LDL model. We can see that the three models predict the hazard ratio similarly in the middle (70 mg/dL< LDL< 180 mg/dL) but differently on the two ends of LDL level (LDL< 70 mg/dL and LDL> 180 mg/dL). The predicted hazard ratios from quadratic model demonstrate a U-shape with low HRs in the middle and high HRs in the two ends. This U-shape is due to the fact that we put a quadratic term into the model and thus impose a U-shape on the fitted HRs whether or not there is true U-shape relationship between serum LDL and hazard ratio. On the other hand, the fitted HRs from both linear and log model always decrease with the increase of the serum LDL because we impose a linear relationship of either LDL or log LDL on the log HR. Since we modeled on log HR, the transformed HRs and serum LDL has an exponential relationship. That’s why the green and the blue curves in the graph are not straight line. Lastly the predicted HRs from the linear and log models of LDL are very similar except when the serum LDL is low. This is because in log LDL model the effect of serum LDL on log HR is multiplicative but in linear LDL model this effect is additive. Therefore, the extremely low serum LDL has a much great impact in log LDL model than in linear LDL model. 
Discussion Sections: January 27 – 31, 2014
We continue to discuss the dataset regarding FEV and smoking in children. Come do discussion section prepared to describe the approach to the scientific question posed in the documentation file fev.doc.
