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Questions 1 and 2 suppose that you are reading a scientific article in a journal with inadequate statistical review. The scientific question addressed by the article is the association between blood lipid profiles (especially total cholesterol), biomarkers of inflammation (fibrinogen), and mortality from cardiovascular disease. The authors were also interested in the role of race (as categorized by Caucasian and Noncaucasian) in the relationship between sex and the serum measurements of total cholesterol and fibrinogen.
The authors reported gathering data on 3,015 subjects, of whom 1,258 were male and 1,757 were female. The subjects were further characterized as 2,534 Caucasians, 481 Noncaucasians. The data analysis presented in the manuscript is limited to the means and standard errors of the serum measures within subgroups as given in the following table.

Table 1. Means (standard errors) of serum cholesterol and fibrinogen according to patient sex and race.

	
	Males
	Females

	
	Caucasians
	Noncaucasians
	Caucasians
	Noncaucasians

	Cholesterol (mg/dl)
	197.5 (1.092)
	197.9 (2.557)
	222.8 (1.103)
	213.6 (2.321)

	Fibrinogen (mg/dl)
	317.8 (2.126)
	333.7 (5.628)
	320.7 (1.627)
	349.4 (4.643)


a. Are mean cholesterol levels associated with sex in Caucasians? (Recall that the standard error of two independent statistics is the square root of the sum of the squares of the individual standard errors. Thus calculate the standard error for the difference in mean cholesterol using the standard errors for the males and females.)

Mean cholesterol Caucasian male 197.5

Mean cholesterol Caucasian female 222.8

222.8 – 197.5 = 25.3

SE female – SE male = [(1.103^2)+ (1.092^2)] ^ ½  = 1.5521

Z = 25.3/1.5521 = 16.3002 
CI = 25.3±1.96×1.5521 = (22.2578, 28.3421)
Mean cholesterol levels were found to be 25.3 mg/dl lower in male Caucasians than in female 
Caucasians.  Assuming an α=0.05, we have strong statistical evidence to reject a null hypothesis that there was no difference in mean cholesterol levels between male and female Caucasians (P <0.000001).  Based on a 95% confidence interval, it would not be unusual when if Caucasian females had a mean cholesterol between 22.2578 to 28.3421 higher than their male counterparts.  
b. Are mean cholesterol levels associated with sex in Noncaucasians?

Mean cholesterol levels were found to be 15.7 mg/dl lower in non-Caucasians men than in
non-Caucasians women.  We have strong statistical evidence to reject a null hypothesis that there was no difference in mean cholesterol levels between male and female Caucasians (P <0.00001).  Based on a 95% confidence interval, it would not be unusual when if non-Caucasian women had a mean cholesterol between 8.9315 to 22.4685 higher than their male counterparts.  

SE = 3.4533

Z = 15.7/3.4533 = 4.5464

1.96*3.4533
c. Are mean cholesterol levels associated with sex after adjustment for race? Provide adjusted estimates using both importance and efficiency weights.
Importance weighting
0.1595 = non-Caucasian

(0.8405)(25.3) + (0.1595)(15.7) = 23.7688

SE = [(0.8405)^2 *(1.5521^2) (25.3) + (0.1595)^2 ( 3.4533^2)(15.7)] ^ ½ = 6.9151

Z = 23.7668/6.9151 = 3.4369

After adjusting for race, mean cholesterol levels were found to be 23.7688 mg/dl lower in men than in
women.  We can reject the null hypothesis that there was no difference in mean cholesterol levels between male and female  (P <0.000588).  Based on a 95% confidence interval, it would not be unusual when if the true difference in mean cholesterol among women was between 17.0328 to 30.5052 mg/dl higher than their male counterparts.  

Efficiency weighting

Wc= (1/1.5521^2) = 0.4151

Wn = (1/3.4533^2) = 0.0839

[(1/1.5521^2)(25.3mg/dl) + (1/3.4533^2)(15.7) ]/( (1/1.5521^2) + (1/3.4533^2)) = 23.6841

SE = [((1/1.5521^2)^2)(1.5521)(25.3) + ((1/3.4533^2)^2*(3.4533)(15.7)/ ((1/1.5521^2) + (1/3.4533^2))^2] ^ ½ 
(16.3005 + 0.3812 / 0.2480 )^1/2 = 8.2015
Z = 23.6841 / 8.2015 = 2.8877

P=0.03879

After adjusting for race using efficiency weights for mean cholesterol levels were found to be 23.6841 mg/dl lower in men than in women.  We can reject the null hypothesis that there was no difference in mean cholesterol levels between male and female  (P <0.0388).  Based on a 95% confidence interval, it would not be unusual when if the true difference in mean cholesterol among women was between 18.0242 to 29.3440 mg/dl higher than their male counterparts.  

d. Does race modify the association between mean cholesterol level and sex? 
The difference in mean cholesterol across groups defined by race was found to be 9.6mg/dl lower in non-Caucasians than in Caucasians.  This difference is statistically extreme enough to reject a null hypothesis that there is no effect modification by race in the association between cholesterol levels and gender.  (p=0.0112). Based on a 95% confidence interval, it would not be unusual for the true difference in cholesterol levels across race groups to be between 4.6302 to 14.5698mg/dl higher in women than in men.  

Calculations:

25.3-15.7 = 9.6 mg/dl diff
SE=((1.5521^2) + (3.4533^2))^1/2 = 3.7861

Z = 9.6/3.7861 = 2.5356

P=0.0112
2. You also desire to do a more careful evaluation of the evidence at hand for fibrinogen. You therefore answer the questions of problem 1 using the statistics for fibrinogen.

a. Are mean fibrinogen levels associated with sex in Caucasians
Mean fibrinogen levels were found to be 2.9mg/dl lower among male Caucasians than in female Caucasians.  Based on an α=0.05, we have fail to reject the null hypothesis that there was no difference in mean fibrinogen levels between male and female Caucasians (P <0.1844).  Based on a 95% confidence interval, it would not be unusual when if Caucasian females had a mean cholesterol between 0.2984 to 5.5016 higher than their male counterparts.  

Mean fibrinogen Caucasian male 317.8

Mean fibrinogen Caucasian female 320.7

Difference = 2.9 mg/dl higher in women

SE female – SE male = [(1.627^2)+ (2.126^2)] ^ ½  = 2.1848

Z = 2.9/2.1848 = 1.3273 

P=0.1844

CI = 2.9±1.96×1.3273 = (0.2984, 5.5016)
b. Are mean fibrinogen levels associated with sex in Noncaucasians?

Mean fibrinogen l levels were found to be 15.7 mg/dl lower in non-Caucasians men than in
non-Caucasians women.  Assuming an α=0.05, we have strong statistical evidence to reject a null hypothesis that there was no difference in mean cholesterol levels between male and female Caucasians (P <0.00314).  Based on a 95% confidence interval, it would not be unusual when if non-Caucasian women had a mean fibrinogen between 11.4823 to 19.9177 mg/dl higher than their male counterparts.  

Mean fibrinogen non-Caucasian male 333.7

Mean fibrinogen non-Caucasian female 349.4

Difference = 15.7 mg/dl higher in women

SE female – SE male = [(4.643^2)+ (5.628^2)] ^ ½  = 7.2960

Z = 15.7/7.2960 = 2.1519 

P=0.0314

CI = 15.7±1.96×2.1519 = (11.4823, 19.9177)
c. Are mean fibrinogen levels associated with sex after adjustment for race? 

Importance weighting

0.1595 = non-Caucasian

(0.8405)(2.9) + (0.1595)(15.7) = 4.9416

SE = [(0.8405)^2 *(2.1848^2) (2.9) + (0.1595)^2 ( 7.296^2)(15.7)] ^ ½ = 5.5714

Z = 4.9416/5.5713 = 0.88696

P=0.3751

After adjusting for race using importance weighting, mean fibrinogen levels were found to be 4.942 mg/dl lower in men than in women.  We fail to reject the null hypothesis (α=0.05) that there was no difference in mean fibrinogen levels between male and female  (P =0.3751).  Based on a 95% confidence interval, it would not be unusual when if the true difference in mean fibrinogen among women was between 3.21 to 6.68 mg/dl higher than their male counterparts.   

Efficiency weighting

Wc= (1/2.1848^2) = 0.2095
Wn = (1/7.2960^2) = 0.0188
[(1/2.1848^2) (2.9mg/dl) + (1/7.2960^2) (15.7) ]/( (1/2.1848^2) + ((1/7.2960^2)) = 0.90249/ 0.2283 = 3.9531
SE = [(1/2.1848^2) ^2)(2.1848)(2.9) + ((1/7.2960^2) ^2*(7.2960)(15.7)/ (0.2283^2] ^ ½ 

(0.3186 / 0.2283 )^1/2 = 1.1813
Z = 3.9531/1.1813 = 3.346
P=0.0008
After adjusting for race using efficiency weighting, mean fibrinogen levels were found to be 3.953 mg/dl lower in men than in women.  We have strong statistical evidence to reject the null hypothesis (α=0.05) that there was no difference in mean fibrinogen levels between male and female  (P =0.0008).  Based on a 95% confidence interval, it would not be unusual when if the true difference in mean fibrinogen among women was between 2.606 mg/dl lower to 10.512 mg/dl higher than their male counterparts.   
d. Does race modify the association between mean fibrinogen level and sex? 
The difference in mean fibrinogen across groups defined by race was found to be 12.8mg/dl lower in non-Caucasians than in Caucasians.  This difference is not statistically extreme enough to reject a null hypothesis (α=0.05) that there is no effect modification by race in the association between fibrinogen levels and gender.  (p=0.0923). Based on a 95% confidence interval, it would not be unusual for the true difference in fibrinogen levels across race groups to be between 9.51 to 16.09 mg/dl higher in women than in men.  

Calculations:

15.7-2.9 = 12.8 mg/dl diff higher in women
SE=((2.1848^2) + (7.296^2))^1/2 = 7.6161
Z = 12.8/7.6161 = 1.6807
P=0.0928
3. (Obtaining estimates for use in sample size calculations when using mean cholesterol) When making inference about cholesterol using means (and differences of means), the formula for V will typically involve the standard deviation ( of measurements made within a treatment group. The following estimates should be used as needed to answer all other questions. Using the inflamm.txt dataset available on the class web pages.
a. Ideally, we want the standard deviation of cholesterol at baseline and the standard deviation of cholesterol measured after two years of treatment. However, as we only have ready access to a single cross-sectional measurement, we will have to use that data to estimate both SDs. What is your best estimate of the standard deviation of cholesterol within the sample? Report using four significant digits. 
The estimated standard deviation of cholesterol within the sample is 39.2881 mg/dl.   
b. Assuming that the correlation ( of cholesterol measurements made two years apart on the same individual is ( = 0.40, what is the standard deviation of the change in cholesterol measurements made after two years within the population? Report using four significant digits.

39.2881^2 + 39.2881^2 – [2*(0.4) (39.2881)(39.2881) = V = 1852.2658
SE = (1852.2658/5000)^1/2

The standard deviation of the change in cholesterol measurements made after 2 years is 0.6084 mg/dL.  

c. What is your best estimate of the standard deviation of cholesterol within groups that had constant age and sex? Report using four significant digits. (Hint: Recall that the output from a regression model will provide an estimate of a common SD within groups as the “root mean squared error”. So you will need to perform a regression that allows each age-sex combination to have its own mean. A linear regression modeling age continuously along with sex would be one approach.)
The standard deviation of cholesterol within groups that held constant age and sex is approximately 37.492 mg/dl.  
4. (A two arm study of change in cholesterol after 2 years of treatment with adjustment for age and sex)
a. What sample size will provide 80% power to detect the design alternative?

If we use the standard deviation estimated in 3c, adjusting for age and sex:
N = (α(  ^ 2 * V / 10^2

V= 8(37.492)^2(1-0.4) = 6747.1203
(α(  = 1.96 + 0.8412 = 2.802

N = 2.802 ^2* V / 100 = 529.73
The sample size would need to be at least 530.

b. What sample size will provide 90% power to detect the design alternative?
N = (α(  ^ 2 * V / 10^2

V= 8(37.492^2)(1-0.4)

(α(  = 1.960 + 1.282 = 3.242.
3.242^2 * 6747.1203/ 100 = 709.16
The sample size would need to be at least 710 people.
c. How would the sample size for 90% power change if you had not decided to adjust for age and sex?
N = (α(  ^ 2 * V / 10^2

V= 8(39.2881^2)(1-0.4)

(α(  = 1.960 + 1.282 = 3.242.
3.242^2 * 7409.0630 / 100 = 778.7343

The sample size would need to be at least 779 people.  We would need nearly 80 more participants in our study for the same power estimate.  
d.  What would be the effect on your sample size computation if you had decided to analyze only the final cholesterol measurement adjusted for age and sex (i.e., not the change)? (A qualitative answer is sufficient.)

Because the correlation is < 0.5, our calculated V would be (0.6)(2) = 1.2 times greater using only the final cholesterol measurement when compared to the difference.  With all other terms constant, the sample size would be higher by approximately 20%.  

e. What would be the effect on your sample size computation if you had decided to use an Analysis of Covariance model that adjusted for age, sex, and the baseline cholesterol level? (A qualitative answer is sufficient.)

Based on the formula of V=2*sigma^2 (1-rho^2), V in this instance would be less in the ANCOVA model than the simple difference in means model.  Our estimated sample size would be smaller than what we estimated.  

5. (A two arm study of cholesterol after 2 years of treatment and the effect of dichotomizing the data) Suppose we choose to provide the new treatment to N subjects. We use as our measure of treatment effect the proportion of subjects having cholesterol below 200 mg/dL at the end of treatment. We intend to perform a hypothesis test in which

a. Using the inflammatory biomarkers dataset, what is your estimate of the proportion pC of subjects on the control arm with serum cholesterol below 200 mg/dL at the end of treatment?
The estimated proportion of subjects on the control arm with cholesterol<200mg/dl by the end of treatment = 1960/ 4916, or approximately 0.3987.
b. Using the inflammatory biomarkers dataset, what is your estimate of the proportion pT of subjects on the treatment arm with serum cholesterol below 200 mg/dL at the end of treatment? (This is assumed to be equal to the number having cholesterol levels below 210 mg/dL in the CHS data.)
The estimated proportion of subjects on the treatment arm with cholesterol <200mg/dl by the end of treatment = 2448/ 4916, or approximately 0.4980.

c. What sample size will provide 90% power to detect the design alternative?
N = (α(  ^ 2 * V / (0.4980-0.3987)^2

V= 2(0.4980(1-0.4980)+(0.3987)(1-0.3987)) = 0.9795

 (α(  = 1.960 + 1.282 = 3.242.
3.242^2 * 0.9795 / 0.0993^2 = 1044.08

We would need at least 1045 participants to detect a difference of 10mg/dl in the treatment arm.  

d. What advantages or disadvantages does this study design have over the study design used in problem 4b?

Compared to the study design in 4b, this design requires a larger sample size.  However, it answers a more clinically useful question because we are comparing groups above and below a particular serum cholesterol threshold of 200mg/dL.  The absolute value of serum cholesterol is more meaningful than an absolute change in cholesterol.   There are well-defined, scientifically established cutoffs (as described in the Mayo Clinic guidelines in prior homework assignments) which are associated with different estimates for overall mortality and incidence of cardiovascular disease.  That is, a decrease in serum cholesterol from 300mg/dl to 290mg/dl, which would be detected in the 4b model, is less clinically relevant than decreasing your cholesterol from 209 to 199mg/dL.  Furthermore, depending on an individual’s risk factors, a value of 200mg/dL of total serum cholesterol is generally used as a cutoff for when a clinician decides to initiate treatment for high cholesterol.  
