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Medical Statistics MATH38071

Electronic calculators may be used provided they tannot store text

AnswerALL five questions ilBECTION A (40 marks in total).
AnswerTWO of the three questions in Section B (40 marks fal}olf more than two questions from

Section B are attempted, then credit will be gif@rthe two best answers.

The total number of marks on the paper is 80.
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Al
(i) In studies investigating the effect of an exposurdealth, what is the difference between
observational and experimental studies? 2 marks]

(i)  What is a confounding variable? [2 marks]

(i)  Consider an epidemiological study investigating thbehigh fat consumption causes heart

disease. For such a study suggest an example lobé#we three types of variable

a) Exposure
b) Outcome
C) Confounding.

[3 marks]
[Total 7 marks]
A2.
A randomized controlled trial is carried out to quare a new treatment regim) (with the existing
standard treatment (S) for patients. The effectgerof treatment is assessed by whether the paient

still infectious after 2 weeks. The results are summarized in the frequency tadlew.

Treatment
Sandard (S) New (N)
_ Yes 100 70
Infectious after 2 weeks No 400 430
Total 500 500

(i)  Calculate the rate ratio (RR) of the patient stinginfectious after 2 weeks with the new

treatment Il) compared to the standard treatmét ( [2 marks]

(i) Supposen, patients are randomized to treatméntgnd n. to the control C). Suppose that
the number of events in each of the two treatmesugs arer; andr,.. The standard error of

the log, | RR |is éE[Ioge[FERﬂ:\/ri—El+r—l—El .
T C

Calculate the 95% confidence interval for rateorafi beinginfectious after 2 weeks.

[5 marks]
(i) Is there evidence that the new treatméfti¢ better than the standard treatm&h® (

[2 marks]
[Total 9 marks]
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A3.

(i) A researcher designing a randomised control tdakiers patient’s age and gender to be
prognostic. Explain how you would carry out stiatifrandomisation with stratification by
age and sex. [5 marks]

(ii) What are the advantages and disadvantages ofisttanndomisation? [3 marks]

[Total 8 marks]
A4

The results for a randomised controlled trial corimgaaNew treatment with &ontrol treatment for
binary outcome measurBdcovered after 4 weeks) are tabulated below. Some patients randomised to

theNew treatment receive theontrol treatment, but no patients randomised toQbetrol treatment
receive theNew treatment.

Randomised group
New
Recovered after 4 weeks Received Received Control
New Control
Yes 110 5 120
No 40 45 80
Total 150 50 200

(i) Calculate the point estimates of the treatmentceféé the New treatment compared to the

Control treatment define by the difference in the proportof patients who havRecovered

after 4 weeks for

a) anintention-To-Treat analysis
b) aPer-Protocol analysis.

C) an As Treated analysis

[4 marks]

(i)  Drawing on the example above, explain whyl@tention-To-Treat analysis is preferable to

Per-protocol andAs-treated analyses in a superiority trial.

[4 marks]
[Total 8 marks]
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A5.

In a meta-analysis dftrials, suppos@i is an estimate of the treatment effect forithstudy and let

k ~
. 2wE
Var [él } be its sampling variance. The minimum variancerege is defined bg,,, = ‘k ,
2w
A A 1
wherew =1/Var | § |, andVar [ §,, |= e
i=1 Var [é]

The table below summarizes the outcome of twostdamparing a new drug to prevent high blood
cholesterol with the current standard drug treatm@&he treatment effect for each stut(iéi =1, 2)
is the difference in mean cholesterol for the treatments.

(i) Compute the minimum variance estimate of the ol&nedtment effectéMV , and determine its

95% confidence interval stating any assumptionsrgake.

Reduction in
cholesterol
Study - A
(Date of Publication) 0 var [0‘ ]
Rahman (2001) 0.36 0.2916
Chung (2008) 0.68 0.1156

[6 marks]

(i) What can you conclude from the meta-analysis reggrthe performance of the new drug?
[2 marks]
[Total 8 marks]
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BL.
(i)

(ii)

(iii)

(iv)

For a binary measure Y |¢r andp be the population and sample proportions respédgtive

Supposg/ = arCSir(\/7T) andy = arcsir(\/B) . Given thatj—IyT = #_ﬂ) , use the

approximationvar [ f (X)] O f'(x)2

]Var [x] to show thaVar [f/] D4—];] wheren is the

x=E[
sample size. [6 marks]

Consider a parallel group trial with two treatmgriups of sizen, andn., and a binary

outcome measure. Suppdgge 77. , P; and p. are the population and sample proportions for

each treatment. With the treatment effect definei b arcsir(,/ o ) - arcsilﬁ‘/ P ) , Show

1 1

thatSE[f] = [—+—. [4 marks]
an,  4n.
r
For a normally distributed test statistic= SE—H the power to detect a differencg with
T
a two-sideda size test is given by the expressiBower =1— Cl{zo,/2 - Sét[) A]] For a test
T

of Hy: 7 = m.vs H, : 71, # 1T, show that the power to detect a difference beatviee

arcsir(\/FT) - arcsirﬁ\/Fc)

\/ 1 1 ’
[ S
an,  4Ang

stating any required assumptions. [4 mMarks

proportions7z and 77, can be estimated b§-®| z,, -

Suppose it is required to design a trial with po‘(\te;ﬁ’) to detect a difference between

andsz, with a two-sideda level test. Show that with two equal size grodps,sample size

in each group must be

_ (Za/z + Zﬁ)z

i Z(arcsir(\/z)— arcsi(u\/Fc))2

to achieve the desired power. [6 marks]
[Total 20 marks]

Page5 of 7



B2.
In a parallel groumon-inferiority trial a new treatmeni is being compared with a control treatment
C using a normally distributed outcome meastrAssume that large values¥fepresent a worse

outcome for the patient. Leit. , Y, 4 Y., andn. be the population means, the sample mean and
the sample size for each treatment. Supposethe population standard deviation of bothttresnts.

The treatment effect is defined as= 14, — 1. .

0] Explain why a significance test of the hypothés$js 7 =0 vs H, : 7 >0 would not be
appropriate in aon-inferiority trial. [3 marks]

(i) Suppose that the null hypothedt : 14, — 1. =T, is rejected if the upper (&) single sided

confidence interval fof(z Yr —VC) is less than the limit of non-inferioritg, . Stating

. , T r
any assumptions, show thﬂr[ Reject Ij| T] = QD[(U—; - Zaj —aj ,
where® is the cumulative distribution function of thersiard normal distribution and
A=Yn. +1n, . [5 marks]
(iii) Show thatPr[ Reject Ij| T} has a maximum undergivhen 7 =7, . Hence, show that this

procedure has a type | error less than or equal.to [7 marks]
(iv) A randomised controlled non-inferiority trial isrd&d out to test whetherMNew drug is as

effective as a curref@andard drug for controlling pain. Outcome is measuredon

continuous scale with high scores representingigrgain. Eighty patients are randomised

to theNew treatment and 78 to th&tandard treatment. The statistical output is given below.

Two-sanple t test with equal variances

[ Cbs Mean Std. Err. Std. Dev. [95% Conf. Interval]

_________ Ao e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e mm e mm i — - =

New | 80 45.9 2.62738 23.5 40. 67033 51. 12967

St andard | 78 46.1 2.581592 22.8 40. 95939 51. 24061

_________ Ao e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e mm e mm i — - =

diff | 2 3. 68486 -7.478658 7.078658

di ff = mean(New) - nean(Standard) t = -0.0543

Ho: diff =0 degrees of freedom= 156
Ha: diff <0 Ha: diff '=0 Ha: diff >0

Pr(T <t) = 0.4784 Pr(|T| > |t]) = 0.9568 Pr(T >t) = 0.5216

A difference of 5 mm was considered by researctoebe clinically important difference between

treatments. Use the procedure described in pastith a 5% significance level to test whether the

New drug is non-inferior to th&andard drug. [5 marks]
[Total 20 marks]
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B3.
For an AB/BA crossover trial a model for a contine@utcomey; of thei™ patient in thg"™ period

can be written as

Vo= uU+T+&E+E, for a patient in sequence AB in period 1,
Y, = U+r@ty+é +e, for a patient in sequence AB in period 2,
Y, = U+ +eE, for a patient in sequence BA in period 1,
Y, = U+T+@+ &+, for a patient in sequence BA in period 2,

whereuis the mean for the sequence BA in periodrlis the treatment effect of A relative to 8,

is the effect of the second period relative tofite,  is the carryover effect; is a random variable
representing patiemtwith mean zero and variantz:eé, andég; is the error term for patientin period
j assumed to be normally distributed with mean aevariances? . Let d, = y,, - y,, and letd . ,

Mg » JBA and 4, be the sample and population means of these foesegs AB and BA

respectively.
0] Explain what is meant by the tewarryover effect.
[2 marks]
(i) In a crossover trial the treatment effeds estimated by7 = (HBA - d,, )/2 Show that
this will be biased if there is a carryover effect.
[4 marks]
(iii) Let & =y, +V,, and@,g, (s, , agaandyy, be the sample and population means for
sequences AB and BA respectively. Show IEa[iﬁAB —éBA] =y. [4 marks]
. - = 2 Al 1 1
(iv)  Show thatVar[ay, —a,,] = (405 +207)| —+— [4 marks]
nBA nAB
. ' a,—a
v) The test statisti@, , defined asT, =%, has been suggested as a test of the
SE[aAB - aBA]
hypothesis kt y= 0 vs H: y£0. What is the limitation of this as a test forrgaver effect?
[2 marks]
(vi) What are the implications of parts (ii) and (iv) fbe use of the crossover trial design?
[2 marks]
(vii) Give ONE possible means of preventing a carryoffecein a randomised controlled
crossover trial. [2 marks]

[Total 20 marks]
END OF EXAMINATION PAPER
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