
Exercises of Week 1 in Basic Biostatistics Course

1. Day
Use your own sample of the Caerphilly data set
Mean of first blood pressure (bpdias1)

(a) Calculate for your sample the „standard error“ of the population mean of bpdias1. Use the mean and standard deviation you obtained for your sample. 
(b) Now calculate for your sample a 95% confidence interval for the population mean (use the „standard error“ you obtained above).

(c) Does your 95% CI contain the true population mean of 76.24 ?
------------------------------------------------------------------------------------------

bpdias1 
Blood pressure measurement
------------------------------------------------------------------------------------------

unique values: 1785 
missing .: 0/1786

mean: 76.2441
std. dev: 10.0707
Exercises for using the normal distribution
The standard normal distribution has mean 0 and standard deviation 1. Use the table on page 470 of the Kirkwood & Sterne book or on the last page of this document, to answer the following questions:

(a) Which proportion of all values of a standard normal distribution lies between -3 und 3, or in mathematical short hand P( - 3 ≤ Z ≤ 3) ?

(b) Which proportion of all values of a standard normal distribution lies between -1 und 1, or in mathematical short hand P( - 1 ≤ Z ≤ 1) ?

(c) Which Z-value (cut-off) do you need to use such that 15% of all values are higher than the cut-off?

(d) Which Z-value (cut-off) do you need to take such that 20 % of all values are lower than the cut-off?

The height of men in the population is approximately normally distributed with mean 171.5 cm and standard deviation 6.5 cm (Kirkwood & Sterne, page 43). 
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Standard normal distribution
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A men is randomly chosen from this population and its height measured.

(a) What is the probability that he is bigger than 190 cm?  -  P( height≥ 190) ?

(b) What is the probability that he is smaller than 170 cm? - P( height ≤ 170) ?

(c) What is the probability that he is bigger than 170 cm but smaller than 190?  In mathematical short hand: P(height 170 ≤ height ≤ 190) ?

Exercises on logarithms
In chapter 13 Kirkwood & Sterne describe the use of logarithms. Look at the data in in Table 13.1 giving β-TG-values and the Log(β-TG-values).  

a) Which base was used to calculate the logarithms?

b) Take the β-TG value = 4.1 and the Log(β-TG) value=1.41: What calculation gives the result of 4.1? 

c) What do you get when you use your pocket calculater and type log(4.1)?
d) If your pocket calculator has a ln function key :  what is the result of ln(4.1)?
2. Day
Standard errors, 95% confidence intervals and p-values

In the following table you see the results of 5 RCTs assessing 3 different drugs and how much they lower LDL cholesterol. Each study randomized patients to receive either the active drug or the placebo drug. This is taken from the Kirkwood&Sterne Book (Table 8.2 of Book, page 77).
For each study the results are given to you for the difference of the means of the 2 groups and the standard error (s.e.) for the mean difference.

Task: Calculate the lower and upper end of the 95% CI for the last 3 studies, then the Z-value, and then the p-value. For getting the p-value you can use either Stata with the display command or the table at the end of the document.

Hint: In Stata you can get the p-value of 0.32 of the first study as follows (the normal() function gives you the area under the standard normal distribution from minus infinity to the given value in the bracket):

display 2*normal(-1)

	
	
	Number of 

Patents
	Difference in mean
	s.e. 
	low95%CI
	up95%CI
	
	

	Drug
	Cost
	per group
	cholesterol (mg/dl)
	of difference
	of difference
	of difference
	Z-value
	p-value

	A
	Cheap
	30
	-40
	40
	-118.4
	38.4
	-1.0
	0.32

	A
	Cheap
	3000
	-40
	4
	-47.8
	-32.2
	-10.0
	<0.001

	B
	Cheap
	40
	-20
	33
	
	
	
	

	B
	Cheap
	4000
	-2
	3.3
	
	
	
	

	C
	Expensive
	5000
	-5
	2
	
	
	
	


Replication of main results of a NEJM study
N Engl J Med 2012;367:1407-16. [image: image2.png]The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

A Randomized Trial of Sugar-Sweetened
Beverages and Adolescent Body Weight

Cara B. Ebbeling, Ph.D., Henry A. Feldman, Ph.D., Virginia R. Chomitz, Ph.D.,
Tracy A. Antonelli, M.P.H., Steven L. Gortmaker, Ph.D.,
Stavroula K. Osganian, M.D., Sc.D., and David S. Ludwig, M.D., Ph.D.
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The main outcome was mean change in BMI in each intervention group. The treatment effect was quantified by the difference (between the two groups) in mean change of BMI at year 1 and year 2 as shown in this part of table 3.
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Control group
Difference

Non-Hispanic participants
Experimental group
Control group
Difference

Hispanic participants
Experimental group
Control group
Difference

Baseline

30.36+5.24
30.05+4.66

30.14+5.20
29.96+4.63

31.06+5.39
30.52+4.90

Unadjusted Data
1Yr

30.50+5.55
30.61+5.37

30.41+5.49
30.41+5.25

30.79+5.82
31.60+6.01

2Yr

31.10£5.94
31.03£5.51

31.16+5.81
30.78+5.38

30.90+6.41
32.29+6.14

1Yr

0.06+0.20
0.63+0.20
-0.57+0.28

0.19+0.23
0.48+0.22
-0.29+0.31

-0.36+0.45
1.43£0.52
-1.79+0.65
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P Valuef

0.75
0.001
0.045

0.41
0.03
0.36

0.42
0.006
0.007

2Yr

0.71+0.28
1.00+0.28
-0.30+0.40

0.95+0.33
0.77+0.30
0.18+0.44

-0.08+0.64
2.27+0.73
-2.35:0.92

P Valuef

0.01
<0.001
0.46

0.005
0.01
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Plus–minus values for unadjusted data are means ±SD, and plus–minus values for changes from baseline are means ±SE.
Tasks: Do some calculations for all participants
1) Calculate the standard error (SE) for the difference at 1 Yr using the SE given for the experimental and the control group and compare your result to what is given in table 3.
For this use the formula : 
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2) Calculate a 95% CI for results at 1 Yr and at 2 Yr for the difference in change of BMI (use the provided estimate and SE in the table).
3) Calulate the Z-value and p-value for 1 Yr and at 2 Yr for the difference in change of BMI (using the provided estimate and SE in the table).
What does a p-value mean?

Suppose you have a treatment that you suspect may alter how long wound healing takes. You compare the means of your control and experimental groups (say 20 subjects in each sample). Further, suppose you use a simple two independent means Z-test and your result is (Z = 2.7, p = 0.01).
Please mark each of the statements below as “true” or “false”. “False” means that the statement does not follow logically from the above premises. Also note that several or none of the statements may be correct.

1) You have absolutely disproved the null hypothesis (that is, there is no difference between the population means).         

 [ ] true / false [ ]
2) You have found the probability of the null hypothesis being true.    

 [ ] true / false [ ]
3) You have absolutely proved your experimental hypothesis (that there is a difference between the population means).    

 [ ] true / false [ ]

4) You can deduce the probability of the experimental hypothesis being true.  

 [ ] true / false [ ]

5) You know, if you decide to reject the null hypothesis, the probability that you are making the wrong decision.                                                       

[ ] true / false [ ]
6) You have a reliable experimental finding in the sense that if, hypothetically, the experiment were repeated a great number of times, you would obtain a significant result on 99% of occasions.

[ ] true / false [ ]
Exercise on probabilities

In many countries health authorities recommend that men and women aged 50 to 69 should test every 2 year their stool for fecal occult blood (using a standardized test kit, the fecal immunochemical test (FIT)) to early detect colon cancer. We know that the FIT has the following test characteristics:

· The sensitivity is approximately 75%

· In 1000 persons without colon cancer, approximately 50 will have a positive test. 

Tasks

1. Calculate the specificity of the FIT test 
2. Assume that of 1000 screened persons in the population 5 have colon cancer.

a. Calculate P(colon cancer│positive FIT), the probability of colon cancer given a positive FIT
b. Calculate P(no colon cancer│negative FIT), the probability of no colon cancer given a negative FIT
3. Tasks during “break”
Further exercises on probabilities
In many countries health authorities recommend that women aged 50 to 69 should have every 2 year a mammography (an X-ray examination) for early detection of breast cancer. We know that mammography has the following test characteristics:

· The sensitivity is approximately 85%

· In 1000 women without breast cancer, approximately 50 will have a positive mammography (this varies across countries with 30 in the Netherlands and approximately 80 in the USA). 

Tasks

1) Calculate the specificity of the mammography examination
2) Assume that of 1000 screened women in the population 4 have breast cancer (BCA).

a. Calculate P(BCA │positive mammography), the probability of breast cancer given a positive mammography

b. Calculate P(no BCA│negative mammography), the probability of no breast cancer given a negative mammography

Pregnancy test

In a study investigating pregnancy-tests (Am J Public Health 1986;76:512) the following results were obtained on the accuracy of pregnancy tests that could be performed at home („home tests“):

c. The sensitivity of the test was 80%

d. The specificity of the test was 68%

Lets assume, that the prevalence of a pregnancy is 60% in women who use a pregnancy test, i.e. P(P+)=0.6, where P+ denotes presence of pregnancy und P- denotes that thew woman is not pregnant.

Tasks:
a) Calculate P(P+│T+), the probability of a pregnancy given a positive test result (this is usually called the positive predictive value)
b) Calculate P(P-│T-), the probability of no pregnancy given a negative test result (this is usually called the negative predictive value)
Repetition of calculations of 95% CI for mean difference and p-value

We go back to the “Trial of Sugar-Sweetened Beverages and Adolescent Body Weight” from the NEJM.

Tasks: Do now calculations for the hispanic participants
1) Calculate the standard error (SE) for the difference at 1 Yr using the SE given for the experimental and the control group and compare your result to what is given in table 3.

For this use the formula : 
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4) Calculate a 95% CI for results at 1 Yr and at 2 Yr for the difference in change of BMI (use the provided estimate and SE in the table).

5) Calulate the Z-value and p-value for 1 Yr and at 2 Yr for the difference in change of BMI (using the provided estimate and SE in the table).

Exercise on describing data and comparing two treatment groups using Stata 
In a trial to assess the effectiveness of a drug X to lower blood pressure, the treated group (X) is compared with a control group with no active treatment (C). The allocation of patients to the two groups was random. The ages of the patients at the time of inclusion in the trial as well as the (systolic) blood pressure values at the end of the trial are given below.

I. 1. Calculate the mean, median, standard deviation, interquartile range of age for the two groups.

I. 2. Explain in your own words the difference between the mean and the median and between the standard deviation and the standard error.

I. 3. Compare the blood pressure at the end of trial between the two groups (with corresponding 95% confidence interval and p-value). For this, you also need to calculate mean, standard deviation and standard error for the blood pressure in both groups.

This means you only have to calculate results for the non-black fields in the table below the data.
You find a Stata data set (“bpstudy.dta“) on the course stick or here http://stata.ispm.ch/Basicbiostat/
You can get the calculations done by using the following commands:

use bpstudy.dta, clear
summarize with the option “detail” (i.e. summarize “var”, detail)
ci  or  cii

ttest or ttesti
When using ttest use the syntax

ttest bpc == bpx, unpaired
	
	Age
	Blood pressure [mmHg]

	id
	Group C
	Group X
	Group C
	Group X

	1
	49
	50
	142
	125

	2
	50
	48
	144
	123

	3
	49
	49
	148
	128

	4
	53
	51
	147
	130

	5
	59
	51
	149
	130

	6
	55
	53
	152
	135

	7
	55
	56
	150
	133

	8
	55
	56
	151
	134

	9
	38
	57
	152
	135

	10
	56
	48
	153
	136

	11
	57
	45
	155
	132

	12
	58
	56
	149
	132

	13
	58
	51
	146
	129

	14
	58
	51
	156
	139

	15
	54
	53
	154
	137

	16
	49
	54
	142
	124

	17
	50
	55
	146
	129

	18
	51
	55
	150
	129

	19
	50
	55
	147
	130

	20
	52
	56
	147
	130

	Mean
	
	
	
	

	Median
	
	
	
	

	Standard deviation
	
	
	
	

	Interquartile range
	
	
	
	

	Standard error
	
	
	
	

	Difference
	
	
	

	95% confidence interval
	
	
	

	P-value
	
	
	


Table to convert a Z-value to the area of the standard normal distribution lying above the z-value

[image: image7.png]Table A1 Areas in tail of the standard normal distribution.

Adapted from Table 3 of White et a/. (1979) with permissi

Tabulated area: proportion of the area

of the standard normal distribution that is
above z

0 z
Second decimal place of z

z 000 001 002 003 004 005 006 007 008 009

00 05000 04960 04920 04880 04840 04801 04761 0.4721 04681  0.4641
01 04602 04562 04522 04483 04443 04404 04364 04325 04286  0.4247
02 04207 04168 04129 0409 04052 04013 03974 03936 03897 03859
03 03821 03783 03745 03707 03669 03632 03594 03557 0350 03483
04 03446 03409 03372 03336 03300 03264 03228 03192 0315 03121
05 03085 03050 03015 02981 02946 02912 02877 02843 02810 02776
06 02743 02709 02676 02643 02611 02578 02546 02514 02483 02451
07 02420 02389 02358 02327 0229 02266 02236 02206 02177 02148
08 02119 02090 02061 02033 02005 01977 01949 01922 0.18%4  0.1867
09 01841 01814 01788 01762 01736 01711 01685 0.1660 01635  0.1611
1.0 01587 01562 01539 01515 01492 01469 0.1446 0.1423 01401 01379
1101357 04335 0314 01202 01271 01251 01230 01210 0119 01170
1201151 01131 01112 01093 01075 01056 01038 01020 01003  0.0985
13 00968 00951 00934 00918 0091 00885 00869 00853 00838 00823
1400808 00793 00778 00764 00749 00735 00721 00708 0.0694  0.0681
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