Name: ________________________________________

	MAT 220 Advanced Statistics
	

	
	




 
Part II – Data Analysis and Application of Inferential Procedures

1. [25 points] By definition, clinical pharmacology is the science of drugs and their clinical use1. One of its main objectives is to determine the optimum dosage of a new drug, so as to maximize the efficacy, while simultaneously minimizing the side effects. To do this, research scientists may perform a dose-finding study, where patients are measured twice – before and after a dosage is administered, thus defining two dependent samples (or paired data). 

Consider such a study where 24 randomly selected patients with familial hyperlipidemia (the most common form of inherited, abnormally high levels of lipids – fats and/or cholesterol – in the blood) were treated for two months with 20 mg of the hypolipidemic drug simvastatin (commonly referred to by the trade name: Zocor). The total cholesterol, denoted , for each patient was measured (in mmol/L; millimole per liter) before and after the two-month treatment window, and classified into one of two categories: low (<5.5 mmol/L) or high (>5.5 mmol/L). The observed  levels are recorded below.


	Patient
	1
	2
	3
	4
	5
	6
	7
	8

	Before
	Low
	Low
	Low
	Low
	High
	High
	High
	High

	After
	Low
	Low
	Low
	Low
	Low
	Low
	Low
	Low



	Patient
	9
	10
	11
	12
	13
	14
	15
	16

	Before
	High
	High
	High
	High
	Low
	Low
	High
	High

	After
	Low
	Low
	Low
	Low
	High
	High
	High
	High



	Patient
	17
	18
	19
	20
	21
	22
	23
	24

	Before
	High
	High
	High
	High
	High
	High
	High
	High

	After
	High
	High
	High
	High
	High
	High
	High
	High





Use this data to investigate the effectiveness of the 20 mg dosage by determining if there was a statistically significant difference in the proportion of patients with a low classification of total cholesterol, , after the two months of treatment (with Zocor), as compared to before. Assume a significance level of 10% (α = 0.10).

(a) [5 points] Load the SIMVASTATIN dataset into RStudio [the .CSV file is included with this document on Blackboard] using the Import Dataset > From Text (base) option under the Environment window. Once the dataset is loaded, use the table and addmargins commands (see below) to construct a contingency table, including marginal totals, which compares the observed total cholesterol classifications before and after the two-months of treatment with 20 mg of Zocor. Include the table generated in the console output in your submission. Note: Before are rows and After are columns.
addmargins(table(SIMVASTATIN$Before,SIMVASTATIN$After))
[image: ]

(b) [5 points] Research McNemar’s Test and explain why it is appropriate for this particular study.
Solution
[bookmark: _GoBack]The McNemar test is used to determine if there are differences on a dichotomous dependent variable between two related groups. the data provided has dichotomous dependent variable since the outcomes are only two, high or low. Also the data has pretest and posttest analysis which is applied in McNemar test.

(c) [5 points] State the null and alternative hypotheses, using the correct symbol for each parameter, and indicate what they represent in the context of the study.

Solution
H0: total cholesterol was equal before and after the dosage.
H1: total cholesterol was equal before and after the dosage.
Using symbols
H1: P1=P2
H2: P1≠P2

(d) [5 points] Use the mcnemar.test command (see below) in RStudio to compute the test statistic, and corresponding p-value. Consider reviewing the documentation in RStudio by typing ?mcnemar.test in the console.
mcnemar.test(SIMVASTATIN$Before,SIMVASTATIN$After)
[image: ]

(e) [5 points] Determine if the data provides sufficient evidence at the 10% significance level. State your decision and conclusion in the context of the study.
SOLUTION
From the results above p-value = 0.1138 which is greater than alpha (0.1) hence we do not reject the null hypothesis. We deduce that total cholesterol was equal before and after the dosage, implying the dosage was not effective. 

(f) [Extra Credit – 15 points] Read through the McNemar’s Test entry in Wikipedia and explain why it is not recommended to use the McNemar test statistic without continuity correction. Next, substitute the appropriate values for x, the number of successes, and n, the number of trials, in the binom.test command to obtain the exact p-value for the test and compare it to your result in (d). Are they consistent?
binom.test(x,n)$p.value
Solution
To apply McNemar’s Test b or c should not be small, that is b + c< 25 since it will not be well approximated by chi-square. exact binomial test evaluates the imbalance in b and c. To achieve a two-sided P-value, the P-value of the extreme tail should be multiplied by 2. Continuity correction of McNemar test is used to approximate binomial exact P-value. The binomial distribution gave a p-value of 0.109375 which is smaller than the one arrived at previously. However, in both cases the result is not statistically significant.
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data: SIMVASTATINSBefore and SIMVASTATINSAfter
McNemar's chi-squared = 2.5, df = 1, p-value = 0.1138




