


HW 5	Comment by Author: HW5 Grade: 39/81

[bookmark: _GoBack]1a. This is a saturated model.	Comment by Author: Q1 Grade: 18/30	Comment by Author: Q1A Grade: 2/10
Methods: Robust logistic regression was used to find an association between prevalence of diabetes and race (i.e. odds of diabetes diagnosis across race groups). Race was categorized as white, black, Asian, and other with whites being used as the reference group. Diabetes was used as a binary variable (yes/no). Statistical inference was based on Wald statistics with 95% confidence intervals and two sided p-values computed using the approximate normal distribution for logistic regression parameter estimates.	Comment by Author: -2: No descriptive statistics were presented. Should have a cross-tabulation of frequency, race vs. diabetes, and describe any patterns or lack of patterns in missing data.	Comment by Author: -1: Should mention that odds are being compared by the odds ratio.	Comment by Author: -2: Should explain in methods and results that these p-values are unadjusted for multiple comparisons.
-2: These p-values are not presented in the results section.
Results: The difference between race groups relative to the odds of diabetes diagnosis is not different from what we would expect if race had no true effect (p=0.0956). Blacks had an odds of diabetes diagnosis 1.92 times as large as whites (95% CI: 1.08, 3.44), Asians had an odds of diabetes diagnosis 0.63 times that of whites (95% CI: 0.19, 2.09), and those in the other race group had an odds of diabetes diagnosis 1.84 times as large as whites (95% CI: 0.39, 8.63).	Comment by Author: -1: Not sure where this is coming from. In the homework key it says: “A test for inequality among the groups was not statistically significant (P= 0.110).”

1b. The odds of diabetes diagnosis among whites is 0.11. The odds of diabetes diagnosis among blacks is 1.93 times that of whites. The odds of diabetes diagnosis among Asians is 0.63 times that of whites. The odds of diabetes diagnosis among those in the other race group is 1.84 times that of whites.	Comment by Author: Q1B Grade: 2/3	Comment by Author: -1: These are correct, but you need to relate them to the parameters given by the regression model.

1c. The odds of diabetes diagnosis among whites is statistically different from zero (p<0.001). Diabetes diagnosis among blacks is significantly different from that of whites (p=0.026). Diabetes diagnosis among either Asians or those in the other race group is not statistically different from whites (p=0.449 and 0.438 respectively). 	Comment by Author: Q1C Grade: 3/3	Comment by Author: significantly	Comment by Author: significantly

1d. The overall association between race and diabetes would be the same as in part a. However, the odds ratios for each race group would be relative to blacks instead of whites. The intercept would be the odds of diabetes among blacks instead of among whites.	Comment by Author: Q1D Grade: 3/3	Comment by Author: lack of

1e. The odds of diabetes diagnosis among blacks is 0.21. The odds of diabetes diagnosis among whites is 0.52 times that of blacks. The odds of diabetes diagnosis among Asians is 0.33 times that of blacks. The odds of diabetes diagnosis among those in the other race group is 0.96 times that of blacks. 	Comment by Author: Q1E Grade: 2/3	Comment by Author: -1: These are correct, but you need to relate them to the parameters given by the regression model.

1f. The odds of diabetes diagnosis among blacks is statistically different from zero (p<0.001). The odds of diabetes diagnosis among whites is statistically different from that of blacks (p=0.026). The odds of diabetes diagnosis among Asians and those in the other race groups are not statistically different from that of blacks (p=0.085 and 0.956 respectively). 	Comment by Author: Q1F Grade: 3/3	Comment by Author: significantly	Comment by Author: significantly	Comment by Author: significantly

1g. In parts c and f, the difference in the odds of diabetes diagnosis was different between blacks and whites only, while the overall association between race and diabetes diagnosis was insignificant. Stepwise model building might include race into the model just because whites and blacks had a significant p-value, even though race as a whole was not associated with diabetes diagnosis.  	Comment by Author: Q1G Grade: 3/5	Comment by Author: Ratio, not difference, since this involved the odds ratio	Comment by Author: Statistically significant, different from 1	Comment by Author: -2: Not exactly. See answer key. The issue is that if we were to “drop” Asian and Other in a model, since this is a categorical variable, they would necessarily be combined into the same variable as the reference group. Hence, combining White with Asian and Other and comparing to Black would yield vastly different results than combining Black with Asian and Other and comparing to White.

2a. Descriptive statistics:	Comment by Author: Q2 Grade: 7/20	Comment by Author: Q2A Grade: 1/10
Methods: Kaplan Meier estimates of 10, 50, and 90th percentiles, and mean time of follow-up were calculated for the censoring distribution, as well as the minimum and maximum observed censored times. Serum LDL was categorized as suggested by the Mayo Clinic: less than 70 mg/dL, 70-99 mg/dL, 100-129 mg/dL, 130-159 mg/dL, 160-189 mg/dL, and greater than or equal to 190 mg/dL. The number of subjects and deaths within each group was calculated. Kaplan Meier estimates were graphed, as well as calculations of 2 and 5-year survival probabilities, 10th and 20th percentile of the survival distribution, and restricted mean survival for 5.75 years (time in which all strata of LDL still had some subjects at risk). 
Results: There were 735 total subjects in this study (followed for a Kaplan Meier estimate restricted mean of 5.33 years, range 5-5.91 years), and 133 died from any cause. 10 subjects did not have serum LDL measurements, of which 2 died. Mean LDL was 126 mg/dL (SD: 33.6 mg/dL, range 11-247 mg/dL). The lowest LDL group (11-69 mg/dL) had the highest 2-year survival probability but the lowest 5-year survival probability. The 11-69 mg/dL group also had the lowest survival for the first 5.75 years, as well as 20th percentile survival. From the KM graph, the lowest LDL group diverged in survival from the other groups after about 3 years.	Comment by Author: Not the best phrasing.	Comment by Author: -1: Should specify that they died during the time of observation, as well as when they died during observation.	Comment by Author: -1: Did not mention that you will be computing descriptive statistics on LDL level in the Methods section.

Table: Kaplan Meier estimates by LDL group

	
	11-69 mg/dL
	70-99 mg/dL
	100-129 mg/dL
	130-159 mg/dL
	160-189 mg/dL
	190-247 mg/dL
	All subjects

	Subjects
	22
	143
	228
	225
	83
	24
	725

	Deaths
	10
	28
	44
	34
	11
	4
	131

	2 year survival probability (%)
	100
	95.8
	93.9
	95.6
	98.8
	95.8
	95.6

	5 year survival probability (%)
	59.1
	83.2
	81.1
	87.1
	88.0
	83.3
	83.6

	10th percentile survival (y)
	3.46
	3.80
	3.41
	4.30
	4.53
	4.13
	3.66

	20th percentile survival (y)
	3.55
	5.44
	5.36
	NA
	NA
	NA
	5.54

	5.57 year restricted mean of survival (y)	Comment by Author: 5.75
	4.91
	5.24
	5.23
	5.35
	5.45
	5.32
	5.29


NA: unable to calculated from data.	Comment by Author: calculate


[image: ]

Inferential statistics:
Methods: Time to death from any cause was relative across the following LDL groups: less than 70 mg/dL, 70-99 mg/dL, 100-129 mg/dL, 130-159 mg/dL, 160-189 mg/dL, and greater than or equal to 190 mg/dL. Hazard ratios from cox regression model were used, with confidence intervals and two-sided p-values calculated with Wald statistics based on the Huber-White sandwich estimator.	Comment by Author: compared	Comment by Author: -1: Should mention how these hazard ratios were computed, which is numerator and which is denominator	Comment by Author: -2: These p-values are not presented in the results section.	Comment by Author: -2: Should explain in methods and results that these p-values are unadjusted for multiple comparisons.

-2: Should include in methods and results a post-regression test for nonlinearity of association between serum LDL and instantaneous risk of death from all causes by including LDL along with the dummy variable categorical LDL.
Results: For the 725 subjects with LDL measurements, the mean LDL was 126 mg/dL (SD: 33.6 mg/dL, range 11-247 mg/dL). 131 subjects died during the time of analysis. A two-sided p-value of 0.0087 suggests that we can with high confidence reject the null hypothesis that the risk of death from any cause is not associated with LDL levels, with the tendency of higher mortality for those with lower LDL levels. The hazard for the 70-99 mg/dL group is 0.40 times that of the 11-69 mg/dL group (95% CI: 0.20-0.78). The hazard for the 100-129 mg/dL group is 0.39 times that of the 11-69 mg/dL group (95% CI: 0.21, 0.74). The hazard of the 130-159 mg/dL group is 0.29 times that of the 11-69 mg/dL group (95% CI: 0.15, 0.57). The hazard of the 160-189 mg/dL group is 0.26 times that of the 11-69 mg/dL group (95% CI: 0.11-0.58). The hazard of the 190-247 mg/dL group is 0.32 times that of the 11-69 mg/dL group (95% CI: 0.10, 0.99). 

2b. The estimated risk of death is 60% lower for those in the 70-99 mg/dL group relative to those in the 11-69 mg/dL group.	Comment by Author: Q2B Grade: 4/5
The estimated risk of death is 61% lower for those in the 100-129 mg/dL group relative to those in the 11-69 mg/dL group.
The estimated risk of death is 71% lower for those in the 130-159 mg/dL group relative to those in the 11-69 mg/dL group.
The estimated risk of death is 74% lower for those in the 160-189 mg/dL group relative to those in the 11-69 mg/dL group.
The estimated risk of death is 68% lower for those in the 190-247 mg/dL group relative to those in the 11-69 mg/dL group.
The relative risk of death is 1 for those in the 11-69 mg/dL group.	Comment by Author: -1: These are correct, but you need to relate them to the parameters given by the regression model.


2c. The log likelihood ratio test would be appropriate. From the LR test, the current categorized LDL model is not a significantly better fit than the model using only a continuous linear term for LDL (p=0.4776).	Comment by Author: Q2C Grade: 2/5	Comment by Author: -3: The conclusion you drew from this test is correct, although the test itself is not. In the key, we “tested that the regression coefficients for the dummy variables were 0 in a multiple partial Wald test having a chi square distribution with 5 degrees of freedom.” From this we obtained a P value of 0.399.

2d. See part 4 

3a. Descriptive statistics: see 2a.	Comment by Author: Q3 Grade: 6/20	Comment by Author: Q3A Grade: 1/10	Comment by Author: -2: Points deducted from the descriptive statistics section in problem 2.
Inferential statistics: 
Methods: Linear splines were created with the following “knots”: 70, 100, 130, 160, 190. Hazard ratios from cox regression model were used, with confidence intervals and two-sided p-values calculated with Wald statistics based on the Huber-White sandwich estimator.	Comment by Author: Note that they correspond to LDL levels	Comment by Author: -1: Should note that hazard rations are “comparing two groups within the same stratum that differ by 1 mg/dL in their LDL”	Comment by Author: -2: These p-values are not presented in the results section.	Comment by Author: -2: Should explain in methods and results that these p-values are unadjusted for multiple comparisons.

-2: Should include in methods and results a post-regression test for nonlinearity of association between serum LDL and instantaneous risk of death from all causes by testing if all regression parameters are equal.
Results: For the 725 subjects with LDL measurements, the mean LDL was 126 mg/dL (SD: 33.6 mg/dL, range 11-247 mg/dL). 131 subjects died during the time of analysis. A two-sided p-value<0.0001 suggests that we can with high confidence reject the null hypothesis that the risk of death from any cause is not associated with LDL levels. 
There is a 2.2% decrease (95% CI: 0%, 4.0%) in risk of death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 11-69 mg/dL group. There is a 2.0% decrease (95% CI: 4.7% decrease, 0.7% increase) in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 70-99 mg/dL group. There is a 0.2% decrease (95% CI: 2.4% decrease, 1.9% increase) in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 100-129 mg/dL group. There is a 0.4% increase (95% CI: 2.1% decrease, 2.8% increase) in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 130-159 mg/dL group. There is a 3.1% decrease (95% CI: 7.0% decrease, 1.4% increase) in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 160-189 mg/dL group. There is a 3.9% increase (95% CI: 2.1% decrease, 8.1% increase) in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 190-247 mg/dL group.	Comment by Author: See key, should be 2.91%, try to use more significant digits in intermediate calculations	Comment by Author: See key, should be 2.88%, try to use more significant digits in intermediate calculations


3b. There is a 2.2% decrease in risk of death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 11-69 mg/dL group.	Comment by Author: Q3B Grade: 3/5
There is a 2.0% decrease in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 70-99 mg/dL group.
There is a 0.2% decrease in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 100-129 mg/dL group.
There is a 0.4% increase in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 130-159 mg/dL group.
There is a 3.1% decrease in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 160-189 mg/dL group.	Comment by Author: Should be 2.9%
There is a 3.9% increase in death corresponding to an increase in LDL of 1 mg/dL between two groups both in the 190-247 mg/dL group.	Comment by Author: -1: Should be 2.9%	Comment by Author: -1: These are correct, but you need to relate them to the parameters given by the regression model.


3c. The log likelihood ratio test would be appropriate. From the LR test, the current categorized LDL model is not a significantly better fit than the model using only a continuous linear term for LDL (p=0.3730).	Comment by Author: Q3C Grade: 2/5	Comment by Author: -3: The conclusion you drew from this test is correct, although the test itself is not. In the key, we “used a multiple partial Wald test having a chi square distribution with 5 degrees of freedom to test for equality of all of regression slope coefficients.” From this we obtained a P value of 0.079.

3d. See part 4

4a. Homework 4 and 5 used nonlinear models. The main advantage of this would be the ability to model nonlinear associations more accurately. A nonlinear association may not be detected using the approaches in Homework 1-3. Centering variables (i.e. ldl) can reduce collinearities as well. 	Comment by Author: Q4 Grade: 8/11	Comment by Author: Q4A Grade: 0/3	Comment by Author: -3: This is not the major advantage of using these methods. In the Key, it says: “Homeworks 4 and 5 considered the distribution of my putative “outcome” as a continuous variable modeled as a function of groups defined by a continuous function of my putatitive “cause”. I find it more pleasing scientifically to use time to death as the response, and anticipate that I avoid the loss of precision that would follow from dichotomization of either LDL or the time to death.”

4b. 	Comment by Author: Q4B Grade: 3/3
[image: ]

The overall trend using dummy variables (blue) and splines (red) is similar to that from Homework 4 (i.e. generally downward trend).
[image: ]

The similarities are seen above with all five fitted models. The main difference is in the dummy model in the lowest LDL group, which is due to the higher variation of hazard. 

4c. Although the association between all cause mortality and serum LDL in the elderly population is not exactly linear, a simple linear regression model would probably be the best analysis since the other models are relatively close to the linear regression model. The quadratic model would be harder to interpret while the spline may lead to loss of precision from loss of degrees of freedom. The dummy variable model does not give a particularly good fit at lower LDL levels. Simple linear regression would be the easiest to understand.	Comment by Author: Q4C Grade: 5/5	Comment by Author: Note that since LDL is expected to behave according to a multiplicative model, the log LDL approach may have been the best, but the key states, regarding the choice of the log LDL approach: “I was not so strong in that belief that I would have rejected a linear continuous fit instead, just for the more straightforward interpretation.”
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