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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.
METHODS: 
A total of 736 subjects were enrolled but 11 had incomplete LDL data leaving 725 patients who were included in our analysis.  We used Kaplan-Meier survival analysis to estimate survival probability based on time by LDL group (where the “low” group had a serum LDL < 130mg/dL, “medium” LDL was 130-159mg/dL, and “high” was >160mg/dL).  Proportional hazard regression analysis using robust standard errors from the Huber-White sandwich estimator, with two-sided p-value with α=0.05 and 95% confidence interval computed using an approximate normal distribution for parameter estimates was used to evaluate for an association between serum LDL and the instantaneous risk of death.  
RESULTS:

Out of 725 patients, 403 subjects (55.6%)  were in the “low LDL” group, 219 subjects (30.2%) were in the “medium LDL” group with a serum LDL 130-159mg/dL, and 103 subjects in the “high LDL” group who had serum LDL was >160mg/dL.  The mean LDL by group was 102 mg/dL for the low LDL group, 143.6 mg/dL for the medium group, 181.2 mg/dL for the high LDL group, and 125.8 mg/dL for all 725 subjects.  Men comprised the majority of low LDL group with 55%, but were a slight minority of the medium and high LDL groups representing around 43% of subjects in those groups.  Table 2 and Figure 1 demonstrate that the high LDL group had the highest survival probability at 5 years, the low LDL group had the lowest survival probability at five years (though not at one year), and the medium LDL group fell somewhere in between.  The medium and low LDL group lines cross several times up until the second year after randomization, after which the medium LDL group maintains a higher survival probability than low LDL.  Table 2 also illustrates that within LDL groups, males tended to have lower survival probabilities than females.  This difference was most pronounced in the high LDL group where men had a survival probability that was 13.6% lower than women after 5 years.  Overall, this trend continued as men had a survival probability that was 9.7% lower than their female counterparts after 5 years, regardless of LDL grouping. 
	LDL group
	n (%)
	Mean LDL in mg/dL (SD; min-max)
	Male, n (%)

	Low (<130mg/dL)
	403 (55.6%)
	102.0 (11.6; 11-130)
	222 (55.1%)

	Medium (131-160 mg/dL)
	219 (30.2%)
	143.6 (8.5; 131-160)
	94 (42.9%)

	High (> 160mg/dL)
	103 (14.2%)
	181.2 (18.2; 161-247)
	44 (42.7%)

	Total
	725
	125.8 (33.6; 11-247)
	360(49.7%)


Table 1: Basic patient characteristics.
	
	Kaplan-Meier Estimates of Survival Probabilities

	
	1 year, % (n)
	2 year
	3 year
	4 year
	5 year

	Low LDL
	98.3% (397)
	95.0% (384)
	91.3% (369)
	87.6% (354)
	81.1% (328)

	 Male
	97.32 (217)
	92.3% (206)
	86.5% (193)
	82.0% (183)
	76.6% (171)

	 Female
	99.5% (181)
	98.3% (179)
	97.2 (177)
	94.5% (172)
	86.7% (158)

	Medium LDL
	97.7% (215)
	95.4% (210)
	92.7% (204)
	90.4% (199)
	86.3% (190)

	 Male
	96.8% (92)
	93.6% (89)
	89.4% (85)
	87.2% (83)
	83.0% (79)

	 Female
	98.4% (124)
	96.8% (122)
	95.2% (120)
	92.8% (117)
	88.0% (112)

	High LDL
	100% (103)
	98.1% 102)
	95.2% (99)
	91.3% (95)
	87.4% ((1)

	 Male
	100% (45)
	95.5% (43)
	90.9% (41)
	84.1% (38)
	79.6% (36)

	 Female
	100% (60)
	100% (60)
	98.3% (59)
	95.8% (58)
	93.2% (56)

	All LDL groups
	-
	-
	-
	-
	-

	 Male
	97.3% (357)
	92.9% (341)
	87.7% (322)
	83.6% (307)
	78.7% (289)

	 Female
	98.9% (366)
	97.8% (362)
	96.5% (357)
	94.0% (348)
	88.4% (327)


Table 2: Kaplan-Meier survival estimates by LDL group and gender.
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From proportional hazards regression analysis, we estimate that for each 1 mg/dL unit increase in serum LDL, the instantaneous risk of death is 0.74% lower.  This estimate is statistically significant with a two-sided p value of 0.009 (when α=0.05).  Based on a 95% confidence interval using robust standard errors of 0.987 to 0.998, this observation would not be unusual if a 1 mg/dL unit increase in the serum LDL was associated with a reduction in the instantaneous risk of death between 0.2% and 1.3%.  We reject the null hypothesis that there is no association between serum LDL and the instantaneous risk of death.  
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

This was computed by creating a centered LDL variable and using the Stata predict command
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:  The hazard ratio was estimated based on the log of serum LDL.  Statistical inference of the instantaneous risk of death as a function of log-transformed LDL as a continuous variable was based on the Wald statistic computed from proportional hazard regression analysis and its standard error.  The two-sided p value with α=0.05 and 95% confidence intervals were computed using robust standard errors from the Huber-White sandwich estimator, assuming the approximate normal distribution for the regression parameter estimates.  

RESULTS: 
Please refer to Problem 1 for additional descriptive statistics.  

Data was available on 725 subjects with a mean LDL of 125.8 mg/dL (SD 33.6 mg/dL).  From a proportional hazard regression analysis, we estimate that the hazard ratio is 0.438 with a 95% confidence interval of 0.297 to 0.645 for each e-fold difference in serum LDL.  This was a highly statistically significant finding with a two-sided p-value of <0.0001.  To put it in more straightforward terms, for every doubling of serum LDL, we estimate the hazard ratio is 0.564 with a 95% confidence interval of 0.431 to 0.738.  This means that when serum increases two-fold, the instantaneous risk of death decreases by 43.6%.  This observation would not be unusual if the true instantaneous risk of death was between 26.2% to 56.9% less for every doubling of serum LDL.  This is a highly statistically significant result with a two-sided p-value of <0.0001 which suggests that we can reject the null hypothesis that there is no association between the instantaneous risk of death and the log-transformed serum LDL.  
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

This was computed by creating a centered LDL variable and using the Stata predict command

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:  The hazard ratio was estimated using the serum LDL and the square of the serum LDL.  Statistical inference of the instantaneous risk of death as a function of LDL and the square of LDL as a continuous variable was based on the Wald statistic computed from proportional hazard regression analysis and its standard error.  The two-sided p value with α=0.05 and 95% confidence intervals were computed using robust standard errors from the Huber-White sandwich estimator, assuming the approximate normal distribution for the regression parameter estimates.  

RESULTS: 

Please refer to Problem 1 for additional descriptive statistics.  

Data was available on 725 subjects with a mean LDL of 125.8 mg/dL (SD 33.6 mg/dL).  From a proportional hazard regression analysis, we regressed the hazard ratio on serum LDL and on a quadratic polynomial of serum LDL and found that the hazard ratio for the square of serum LDL was 1.000 with a 95% confidence interval of 0.999 and 1.000.  This suggests that the each unit increase in the square of the serum LDL would not change the instantaneous risk of death.  This observation would not be unusual if the true instantaneous risk of death decreased 0.1% to experienced no change at all for each unit increase in the square of LDL. This second order term was not statistically significant with a two-sided p-value of 0.055 which suggests insufficient evidence to reject the null hypothesis that there is no association between the instantaneous risk of death and the square of the serum LDL.  
The estimated hazard ratio for serum LDL alone was 0.974 with a 95% confidence interval of 0.956 to 0.993.  This suggests that the each unit increase in serum LDL would decrease the instantaneous risk of death by 2.6%.  This observation would not be unusual if the true instantaneous risk of death decreased between 0.7% to 4.4% for each unit increase in the serum LDL. This first order term was statistically significant with a two-sided p-value of 0.008 which suggests strong evidence to reject the null hypothesis that there is no association between the instantaneous risk of death and serum LDL.  We cannot definitively state that the association is linear as we have not excluded all other nonlinear relationships, but we can suggest that the association is unlikely quadratic.  
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

This was computed by creating a centered LDL variable and using the Stata predict command

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.
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The three hazard functions predict inconsistent hazard ratios at the extremes of serum LDL.  When serum LDL is less than approximately 50 mg/dL or greater the 200 mg/dL, the three models are in relative agreement.  However, the variability of the hazard ratio increases dramatically, particularly at low LDL values where the ratio ranges from approximately 3 to over 9.  The majority of the data that falls between LDL levels of 50 to 200 mg/dL show a high level of agreement among the models demonstrated by significant overlap.  This suggests that there could be a linear trend for at least part of the distribution, and the linear model appears to have the straightest line.  From our analysis in problems 1-3, we have evidence that suggests there could be a linear relationship and a nonlinear (log transformation) relationship.  The long transformation relationship can address possible threshold effects, which could be relevant to our model as the association between serum LDL and instantaneous risk of death may change at the extreme values of LDL, as the graph above suggests.  
