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Course 607A

Principles of Inferential Statistics

Final Examination
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gg;geliﬁes

1. The answers do not have to include any long
arithmetic calculations, but they should in-
clude all the steps so that it is clear what
is to be done (i.e. so that your research
assistant, who knows no statistics, could

complete the calculations).

2. The null hypothesis used in any test should be

stated explicitly. Degrees of freedom (where
applicablé) should be indicated; also, it
should be madé clear whether you are using a
one— or two-tailed test, and what Table in

Colton (or elsewhere) would be used.

3. In answers that require discussion, be BRIEF;

LIST only the points of major importance.

Answers Due

Room 34B , before 5 pm on Monday  , December 1?, 1984




1. Ear-Canal Hair and the Ear-Lobe Creasde as Predictors for Coronary-Artery Disease.

(i) Why did the authors consider it important to use an age-matched
comparison when studying ear-canal hair but an unmatched comparison

for ear-lobe crease?
(ii) Verify the Xz of 11.1 in Table 1.

(iii) Reconstruct the X2 of 4.0 in Table 2. What would the p-value be if the
authors had used the binomial table rather than the X2 table for Table 27

Can you reconcile the difference in the 2 p-values?

(iv) Do you agree with the authors' choice of analysis and interpretation

of the data in Table 37

(v) Comment on their statement regarding the sensitivity and false negative

rate of the ear-lobe crease/ear-canal hair combination.

(1If you wish, write your answers to (ii)-(v) in the form of the Letter

to the Editor - we might consider submitting a letter from the best

answers in the class.)
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EAR~CANAL HAIR AND THE EAR-‘LOBE CREASE AS
PREDICTORS FOR CORONARY-ARTERY DISEASE

To the Editos: The ear-lobe crease has been demonstrated to be
significantly associated with coronary-artery disease in specific pop-
ulations.! Patterns of hair growth have previously been suspected as

wsible risk factors for coronary-artery disease.23 We investigated

'th the ear-lobe crease and ear-canal hair -— the presence of one or
nore terminal hairs growing on thetragus or antitragus or from the
external acoustic meatus (Fig. 1) — in 43 men and 20 women (36 to
76 years of age; mean, 56.3) who underwent coronary cineangiog-
raphy Corofiary-artery disease was defined as a 50 per cent or
greater luminal narrowing of one or more coronary arteries. Stand-
ard chi-square mctﬁ_ﬁi’&“:cre used for the 63 subjects, and the
McNemar test was used for 22 age-matched and sex-matched men
{meanage, 51.2) on the variables of ear-lobe crease and ear-canal
hair. . . .

The tar-lobe crease was found to be significantly associated with
coronary-artery discase (n = 63, y2 = 11.1,df = 1, P<0.001, Table
1), and a significant difference was seen between men with and
without coronary-artery disease in the presence of ear-canal hair_
(n =22, ¥* = 40, df ='1, P<0.05, Table 2) when age was con-
trolled for. The combined presence of ear-canal hair and the car-
lobe erease was found to be significantly associated with coronary-
artery disease (n = 43, x® = 4.77, df = 1, P<0.05, Table 3).
Moreover, combining the car-lobe crease and ear-canal hair yielded
the greatest sensitivity (30 per cent) and the lowest false negative
rate (10 per cent). ) e e

The frequency of hairy pinnae in men varies according to geneti-
cally defined populations, and the penetrance of this trait is vari-

Figure 1. Presence of the Ear-Lobe Crease and Ear-Canal Hair in
Addition to Hair on the Helix.
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Table 1. Chi-Square Analysis of the Ear-Lobe
Crease (ELC) in 63 Men and Women with and with-
out Coronary-Artery Disease.

ol
CoxoNany-ArTERY Drssase
ELC PRESENT ABSENT
1. qcrk{ Present 28 A 406 32
S L Absent 15 94 (G 16 4 % 3y
.2 q3 do e 3

Table 2. McNemar's Test of Ear-Canal Hair (ECH) in 11 Pairs
of Age-Matched Men with and without Coronary-Artery
: Disease (CAD).

No. oF

DISTRIBUTION WITHIN Pamx Pars
CAD present and ECH present; CAD absent and ECH present 6
CAD present and ECH present; CAD absent and ECH absent 4
CAD present and ECH absent; CAD absent and ECH present 0
CAD present and ECH absent; CAD absent and ECH absent 1

Table 3. Chi-Square Analysis of the Ear-Lobe
Crease (ELC) and Ear-Canal Hair (ECH) in 43 Men
with and wilhout Coronary-Artery Disease.

CORONARY-AXTERY DiSEASE

ELC & ECH - PRESENT ABSENT
Present 13 2 2 D
Absent 14 9 9 3

32 il

able.* Various ameunts of hair may grow anywhere on the cxternal
car, and specific loci of hair growth are seenin specific populations.*
~ Hairy pinnae are unusual in women,® and Bone were found in this
(‘ \ l study. Ear-canal hair was found to be present in 74,4 per cent ¢
men i1 this study. 2
. Androgens may facilitate the development of athcwm
_ coronary-artery disease. The association between ear-canal hair
i and coronary-artery discase may be due to the long-term exposure
i to enough androgen to cause both ear-canal hair growth and coro-
{ nary-artery discase. The degree of androgenicity in a patient over a
period of years may explain the eventual virilization of the car and
the associated accelerated atherosclerosis in these patients. Another
androgen-sensitive trait, male pattern baldness, has also been rec-
ognized as a predictor of coronary thrombosis in men, possibly on
the same basis. ‘
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2. Blood Alcohol and Eye Movements

*

i . ethanol of 80 me/d! {the legallimitin the UK. for driving purposes)
BLOOD ALCOHOL AND EYE MOVEMENTS ! "smooth-pursuit_gye novements—ice., the capacity of the eyes to

Sir,—Alcohol is known to affect eye movcmcms.!'f Sinooth track objects moving slowly across the visual fields—is impaired by
pursuit and saccades are impaired when the blood ethanol about 25%.

. PO - . b T ——— -
concentration is in the region 60-100 mg/dl,! but the magnitude of ¥

the effect in relation 1o the blood concentration has not been
examined. .

The maximum velocity reached by the eyes during smooth
pursuit is between 40 and 100°4.} Above this threshold, eye
tracking is accomplished largely by saccades. Since vision is not
perfect during saccades® a decrease in the velocity capacity of the
smooth-pursuit system will impair vision and even lead 1o
nystagmus.® The smooth-pursuit system may be involved in
producing the slow component of oprokinetic nystagrus® and in
suppression of vestibular induced nystagmus, both of which are
important for maintaining foveal {optimum) vision. ™

To study the relations between blood alcohol concentration and
smooth-pursuit velocity, six male and six female healthy volunteers,
aged 2142 (mcan 30) years, had bascline eye-movement tests done
between 1530 and 1630 h. The volunteers t ] , . . .
water or gin and tonic unul they ¢ ed ther o 20 & &0 8l 100 120 1o 160,
drive. Eyc-movement tests were then repeated and blood was taken ’ Blood-aicchot {mg/ct)
Tor " dctermination  of cthanol concentration by gas-liquid
chromatography.’

A standardised eleciro-oculographic procedure’ was used to
record smooth-pursuit tye movements on magnetic tape. The
velocity of smootb-pursuit eye movements was measured by ofF-line

~computer analysis. This method measures the maximum velocity
| thatthe ¢yes canreach insmooth pursuir, before breaking downinto
\saccades. The smooth-pu _memeMMWMQﬁQ)i>(:) : N
°/s before and 13:6 (SD) °/s after alcohol ingestion (p<0-01) &
when alcohol blocd concentrations were 83+ 34 (SD) mg/dl.

There was s direct Tinear relation (r=0-67, p<0-05) between the

decrease in smooth-pursuit velocity and the alcohol concentration

(higure)” This sisnl provides reliablc evidence that st 3 Blood B>
i

Direct lincar correlation between bloed alcohol concentrations and
% decrease in smooth-pursuit velocity.

n=12,r=0-67, p<0-03.

P(:) What test do you think the authors used to show that the decrease
of 58.5 ~ 43.0 = 15.5 degrees per second is statistically significant?
Do you have enough data to verify their calculations?

(D Verify that the p value is indeed less than 0,05 for the "direct
linear relation'.

»(3) In fitting a regression line of the % decrease (y) on the blood
alcohol (x), which would be a more suitable candidate (a) a straight
line through the origin? (b) a straight line with nonzero intercept?
Why?

[Azswer as if you had been asked the question before seeing the data. ]

» (%) Do you agree that the regression result provides reliable evidence
that at a blood ethanol of 80 mg/dl the capacity of the eves to track
objects moving slowly across the visual fields is imparied by about
25%7 If a judge quoted you this statement, how would you defend your-
self?[Your defense must be statistical but dintelligible to the judge,
who has never taken 607!] The data are gilven below (slightly rounded)}.

Subject 1 2 3 4 5 6 7 8 9 10 11 12

Sex F F F F F F M M” M M M M
Alcohol 84 67 71 105 109 74 148 45 67 20 84 120
Decrease 31 33 2 38 12 6 58 13 48 2 20 51

»(5) List 3<suggestions for dimproving on this study.




3. .

ACETAZOLAMIDE IN PREVENTION OF ACUTE MOUNTAIN SICKNESS: A DOUBLE~BLIND CROSS-QVER STUDY*

Alystract

Twentyv-four amateur climbuers took part in a double-
finid conirolled cross-over trial of acetazolamide versus
placebo for the preventon of acute mountain sickness.
They climbed Kilimanjaro (5895 m) and Mt Kenva (5185
) in three weeks with five rest days berween ascents. The

severitv of acute mouﬁ?ﬁs:ci«;ess was gauged by
scors derived from sy s recorded daily
On Kilimanjaro those taking acetazolamide
1ed o higher altitude (11 v 4 reached the summit)
ard had a Jlower symptom score than those taking
placebo (mean 48 v 14-3). Those who had taken acetazola-
mides on Xilimanjaro maintaived their low symptom
scores while taking placebo on Mt Kenya (mean score
1-9), whereas those who had taken placebo on Xilimanjaro
experienced a pronounced improvement when they took
acctazolamide vn At Kenya (meaa score 2-5). Acute
mountain sickness prevented one subject from complet-
ing either ascent. Acetazolamide was acceptable to 23
of the 24 subjects,

Acerazolamide is recommended as an acceptable and
effective prophylactic for acute mouniain sickness.

2

Introduction

The present popularity of short rekking holidays with rapid
asceniz hws concentrated attention on the problem of acute

mcuntain sickness. This is a sympiom complex in which
ws:ximr'ss. brzathlessness, dizziness, and nausea impair perform-
ance and enjoyment thase who are untacclimatised and who
veniure over 3000 m - It is usually mild and tram‘cn& and
worst within :": d s; in a few people, however, it
resses rapidly to :z::—tb: satening pulmonary or cerebral
2. Incidence is highest when ascent is rapid and exertion
suscentitility has been reported greatest in the young,
up 1o the of 40.* At high a}timdes_, the hypc;~
which wo

f

age

mid»
acidosis.® * The place of acetazolamide in the prevention
alutude sickness has been explored through decompression
experiments and in several clinical trials. No trekking expedition,

may hwe a beneﬁcxal eﬁect by producmg a metabai <

bowever, has met all the requirements of a double-blind
conirotled trial, and a cross-over trial has not been attempted,? #-*
One stady® compared the performances of five climbers on two
Texpeditions a year apart,
We set out to mest the necessary conditions for a trial of
acetazolarnide during an attempt on Africa’s two highest peaks
by the Scout East Africa Expedition in the summer of 1980.

Aiethods

The party comprised 24 Britsh residents, including two women.
Non: were professional sportsmen; five were medically trained. They
ired for age, sex, and likely activities, and each member of each

é: w% allocared at random to one of two rreatment groups. Treat-
ent og}; 1 received seEtazolamide (sustaitied releass 500 mg
ig’f‘::!* yon five nights before and during the first ascent and identically
presonted placebo before and during the second ascent. The treatment
was reversed for group 2 (see fig 1, which also gives expediton

ey

I
[
-

e

MK Greene, AM Kerr, IB McIntosh,

of
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"An error in allocation of capsules led 1o the re-arrangement of two
pairs; the pairs of subject 22 and subject 20 and of subject 19 and
subject 21 being changed 1o 19720 and 21/22: the table shows the
pairs actually uscd. The conclusions from swatstical analysis are
unaifected if these pairs are excluded, and they are therefore included.

The entire party travelled by air from London to Natrobi, by road
to Kilimznjare, and then on foot from 2000 m. Kir weighing about
10 kg was carried. Nights were spent at the but camps provided.

On Mt I\mya the expedition divided into four activity groups, the
participaats being decided during the trek. The able gives identitica-
unn numbers of subjects. Subjects 2, 3, 7, and 21 left in advance and
climbed the central rock pinnacles Nelian (5174 m) and Ratian {5186
m); subiects 4, 8, 12, and 19, acting o5 support party, climbed on
rock and glacier around 5000 m; and subjecis 6, 16, 17, and 23
cerme.ugdtf:d the central pmnacks and climbed point Lenana
(4972 m). The remainder climbed point Lenasa only. The party slept
in tents and carried an average of 10 kg each.

Before departure the medical project was explained and full co-
operation obtained. Every subject recorded each day’s syr‘mtom

\n,g‘ntlv o a2 card. Wf common symptoms of acute mountain

RJ Prescott.

sickness was printed down one 5ide of the squared ¢ard and &xpedx{m'!
Jays across the 16p."OUne tick was to be entered il a SyHiptom Wwis
fxpeticnced on 2 B given day. Spaces were provided for: dzsz.mccg
walked, load carried, night altitude, metres dimbed, symproms r\o£§
related to zcute mourtain sickness, and medication. Comments were |
invited. Permirtted drugs for treatment were: aspirin for headache;
dipheroxylate and atropine (Lomotil) for diasthoea; temazepam and
nitrazepam for sleeplassuoess; and chloroquine, pyrimethamine, and
Japsone for inalarial prophylaxis,

Scores for acute mountain sickness were calenlated from symptom
cards by giving one point for mild headache, oss of apperite, fecling
sick, severe inappropriste weakness, dizziness, depression, irritability,
drowsiness, cough, and shoriness of breath walking on the flat, and
three points sach for severe headache, voriting, staunering, shartaess
¢! breath st rest, and frothy spit. If severe headache or shoriness of
breath ar rest was scored then its milder form was not. Each subject’s
score was caleulated for days spent off the mountsins and was averaged

to givc a baa«:xm» score. Tms was subtracted from each aseent day’s
i ores. The analysis uses threesday
r\c_achp:::wa,as both scute mountaiy sickHess”
and acetzolamide were expecied to have mest effect during these
periods. hac‘} 3"121]535 s'arted on the first night over 3000 m and 50

Capsutes 128 2 2 2 FYVIY
Scores FY FTFY
Dayofexpedition 1 2 3 4 5 6 7 8 S DN B2 B K15 161
6000 an-Uhuru(5895)
© Lerana {«.Q72) Bat«:m {5188)
50001 ,.A-\
Altitude 4000 ‘/ A
{m
3000
#
ZO0 Aerre @ e B g g 8 T # S g @ 1 i @
123456783801 R2BUBEY
Day of expedition -
16 1—Expedition programme.

included the summix for everyone on Kilimanjaro and cormparable
alritudes for evervone on Mt Kenya (see fig 11
The.data do net conform to normal distriburions, therefore non-
narametric tests of signi (Wilcoxon :m??w kS?L’.“i{I‘I‘:&"! rank
bsrzemi’sn 1esis) were use =, The st used to examine infepIciian ™
stween the first and second treatment periocds and ascents is based
v that described by Hills and Armitage® with an adaptation 1o allow
f{)t‘ the pairing in cur design.

British Medical Journal, 26 Sept. 1981.




joResults (continued)

No one l=ft the expedition. Iliness other than acute rhountain
sickness was trivial. Diarchoea was reported on 11 doys {tive on
acetazolamide and six others). Acuic mouniain sickness manuest as
szvere headache and vomiting prevented subject 24 froem making the
final six-hour ascent {on placebo) of the suramit of Kilmanjaro. On
Kenya breathlessness at rest and severe insppropriate weakness
ated her from climbing (on acetazelamide) above 3500 m. On
ceasion her two tent inates (subjects 20 and 22) remained with
fier voluntarily: both were wking acetazolamide, As exclusion of these
fwo subjects {rom statistical analysis dors not alier the conclusions,

they have been included. Compliance was in general ex

Rt Kenvw subicer 18 stopped his acetuzelamide after whing one
s 1 e £ >

saying that he felr 11, and subject 10 misiad his acetazolamide after

taking two. Subject 7 falled to complete fis card on My Kenya. The
double blind was entirely successful.

OfF side effects, tingling in the extremities was reported by 7 cut of
24 subjects {29°,) on scetazolamide and three out of 24 (12°.) on
placebo. Diuresis was ot remarked on, perhaps because of concurrent
changes in living conditions. Nauses was reported on the first day of
taking aczrazolarmide by two of 24 (8"..) {(non= on placebo).

With the exceptions mentioned above, planned objectives were
reached by all subjects on Mt Kenya.

Fig 2 comparcs the alritudes reached on Kilimaanjaro by subjects on
acerazolamide and placebo. Those taking acetazolamide showed a
striking advantage (Wilcoxen signed rank sum test p<00i). The
symptom scores of each treatment group on each mountain also show
an irnpressive advantage for those taking acetazolamide on Kilimanjaro
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le reqohed by subjpct on acetazolamide
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k16 2——altitudes reached on Kilimanjaro.

{see table). In every pair the partner on acetzzolarnide had the lower
symptom score (Wikcoxon signed rank sum st p<0-001). On Mt
Kenya the two groups perfurmed equally well. Those previously on
placebo improved greatiy on acetazolamide, while those previously on
acctazolamide mamtained their low scores although taking placebo.
It is clear that the first treatrment and ascent period had an effect on
the second. The presence of this intzraction was confirmed statisticatly
using a test based on that described by Armitage and Hills (p < 0-01).7

Fig 3 shows the roal cross-over experience graphically. Pairs 9/10
and 17/18 failed to take the full course of acetazolamide. Mo statisticaily
significant association was found between the ages of subjects and their
scores. On Kilimanjaro there was a suggestion of a negative association
among subjects on acewmzolamide (Spearman  rank correlation
cocSicient = — 055 (0-05 <p < 0-1)). The corresponding subjects on
placebo, however, showed no correlation (r= —0-04), and the scores
orr Mi Kenya showed no correlation with age.

Symptom scores for each subject on cach mountain in order of ascent (after deduction for non-ascent days symproms;

.

25 4

Jomt day scores 20 7

15 A

10 4

¢}
Piacebo

F16 3—Joint sympiom scores for each pair on each ascent.
Numbers indicate pairs who fzied to take full course of
acetazolamide.

Discussion

‘The weaknesses of symptom reporting as a means of assessing
acute mountain sickness are obvious butinust be accepted; since
there are no reliable signs of the mild form of acuie mountain
sickness. Advantages of our method were its simplicity and the
promptness of reporting. Baseline scores helped 10 reduce the
effect of personal differences in symptom recognition. Co-
operation was excellent. The allocation of points for symptoms,
while arbitrary, distinguishes clearly between the mild ones and
those which indicate cerebral or pulmonary oedema.

Acetazolamide was found to be a useful prophylactic for acute
mountain sickness on this expedition during rapid ascent on
foot from 2500 m to 5000 m. The advantage to those on
acetazolamide was most evident on the ascent of the first moun-
tain, Kilimanjaro, when conditions were ideally standardised,
the whole party was walking ot the serne pace and with the same
objective. On Mt Kenya, activity subgroups made comparisons
more difficult, but assessment over three days during which
ahitudes and activities were similar allowed valid comparisons
to be made. On this ascent, as the table shows, low scores were
achieved by both treatment groups.

The slightly lower altitude of Mt Kenya and some carry-over
both of physical fitness and of acclimatisation from the ascent
of Kilimanjaro may have conuibuied to this general improve-
ment. It may be that taking acctazolamide on the first ascent
permitied trouble-fres  acclimatisation and training  which

ernained of benefit on the second ascent and that the improve-
ment i performmance experienced by those who changed to
acetazolamide for the second asceni was partly due to the drug.
We can only speculate on this point, however, as we did not have
egough subjects to allocate a group to placebo throughout.

Subject 24 is an important excepiion to the general experience
of benefit from acetazolamide. Clearly ro general cenclusion
csnt be drawn from her case, but it would seem to indicate that
not all those liable to develop severe acute mountain sickness
will b2 helped by acerazolamide.

it seems clear that acetazolamide is a useful prophylactic for
a-ute mountain sickness in most cases.

Treziment group 1

¥

Treatment group °

Subject Acazrazolamids Placebo Subject Placebo Acrtarolamrde
MNo Age Kalimunjaro At Kenva No Age Kilimanjare Ayt Flemva
i 20 7 ¢ 2 20 23 -1
z 20 i3 7 -+ 23 19 5
3 49 3 3 & 4% 17 ]
7 36 4 missing # 23 7 H
G 17 5 -1 0 ig ‘ 9 3
ii 43 6 -1 12 45 1z Z
i3 43 o o 14 A0 is 2
5 36 i o 15 34 iz G
7 43 3 o i% 41 5 4
9 41 5 2 20 e iz ~1
Zi 27 G 9 2z ig i8 -2
23 42 (F} 2 4 24 24 {F} 17 &
Fotal score 58 21 17t 30
Aiean 48 19 143 z5



3. (continued)

Parts 1-3 refer only to the Kilimanjaro portion of the expedition.

1. "Those taking acetazolamide reached a higher altitude (11 versus &
reached the summit)" (abstract).

Vhat is the appropriate test of the 11 versus 4 to see if it is
Statistically significant?

2. "Fig. 2 compares the altitudes reached by subjects taking the drug
and those taking placebo ... the drug group showed a striking ad-
vantage p < 0.01" (4th paragraph, lst column 2nd page)

Can you verify this p-value from the diagram? What other statistical
test might you have used?

3. "In every pair the partner on acetazolamide had the lower symptom
score." (immediately below Fig. 2.)

To what value of the Wilcoxon signed rank statistic does this state—
ment correspond? What other test is suggested by this statement?

4. Whet if this study had not paired the subijects by age, sex and likely
activities? How might the analysis have been carried out (a) if the
expedition involved just Kilimanjaro (b) using the fact that the
expedition actually involved Mt. Kenya as well?




