EPIDEMIOLOGY 168
Fall 1983
Final Examination

December 15, 1983

Instructions:

1.

7.

Good

Please WRITE ALL ANSWERS FOR SECTIONS I AND II ON THE ANSW ER
SHEETS PROVIDED -- You may keep the examination gquestions.
Please write your essay for Section II on 8-1/2 by 11 lined

notepaper.
PLEASE:

Write LEGIBLY.
Indicate clearly if you change your mind about an answer.

Please write the last four digits of your social security
number in the upper right-hand cornmer of each page of your
answers. (You may do this after the examination.)

Pay attention to the wording of each gquestion. Some are
true-false, some ask you to choose the pest answer, some
require that you give gupport for your answer.

Pace yourself so that you have time to attempt every guestion.

This examination is glogsed book. However, you may use:

- a calculator

- an English, foreign language, or medical dictionary (a
medical dictionary has been provided for your use).

When you have finished the examination, please:

- make certain your c¢ode number appears on all pages;
- sign your name on the signout sheet, under the pledge:

"I have neither given nor received help from others in
completing this examination."

- Remove the staple from the printed answer sheets for
Sections I and II, and place gach answer pagde on the
corresponding pile.

- Staple your essay for Section III and place in the
appropriate pile.

Answers will be available by Monday; grades will probably be
posted Tuesday.

luck and have a Happy Holiday! Thank you for taking EPID
168.
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Section I: Beta-Blocker Heart Attack Trial [39 points]

The following questions relate to the article "A randomized trial
of propranolol in patients with acute myocardial infarction”
(Beta-Blocker Heart Attack Trial Research Group, JAMA March 26,
1982:247:1707-1714) . Pages 1707-1710 from this article are
attached at the end of the examination booklet.

(2 pts.) 1. Based on this article, which of the following
statements pest characterizes the nature of the
evidence concerning the effect of beta-blockers on
survival after myocardial infarction (MI) at the time
the prt}esent study was jinitiated? [Choose one Dest
answer

— A. A plausible biologic rationale that hed not yet
been tested in animal or human studies;

B. Support from animal studies and clinical
experience, but no experimental studies in
humans;

C. Support from animal studies and epidemiologic
cohort studies, but no human experimental
studies;

D. Support from animal studies and inconclusive
results fom human experimental studies.

(2 pts.) 2. Indicate an advantage of using total mortality
(rather than arteriosclerotic heart disease
mortality) as the principal outcome variable for this

study:

(3 pts.) 3. a. Indicate a drawback of using total mortality
(rather then arteriosclerotic heart disease
mortality) as the principal outcome variable; and

b. briefly assess whether this drawback was of
consequence in this trial (cite data from the
trial to support your answer):




(2 pts.) 4.
(2 pts.) 5.
(2 pts.) 6.

(3 pts.) 7.
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What is a crucial advantage of randomized assignment
of participants to treatment and control groups?

What is a major reason, in addition to the
opportunity to randomize, for using a
contemporaneous control group rather than historical
controls for studying the effectiveness of
beta-blockers and prognosis after MI?

The importance of knowing the inclusion and exclusion
criteria in a study of this type primarily involves:
[Choose one best answer]

A. external validity (generalizability);
B. statistical significance or power;

Cc. effect modification;

D. internal validity (selection bias).

Which exclusion criterion is the most problematic
for drawing a conclusion in the form of a treatment

recommendation? Support your answer in one
sentence.




(3 pts.) 8.

TRUE

FALSE

(2 pts.) 9.

TRUE FALSE
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The article states that "All enrolled patients,
regardless of final eligibility determination or
degree of adherence to medication, are . . . counted
in the study group to which they were assigned
originally." [p. 1709, 3rd col.]

Which of the following statements is(are) TRUE and
which is(are) FALSE? |[Indicate TRUE or FALSE for
each statement.]

a. This policy preserves the crucial advantage
provided by the randomization.

b. A high noncompliance rate in the propranolol
group could cause a beneficial effect of
propranolol to fail to be documented.

c. The fact that 13% of control subjects were
prescribed beta-blockers outside of the trial
mechanism would tend to exaggerate the observed
propranolol effect.

"Because of the issue of multiple significance
testing, only the significance level (P value) for
the primary response variable (total mortality) is
unambiguous. For other outcome variables, the
indicated significance values should be interpreted
cautiously." [p. 1710, lst col.]

Which of the following statements concerning the
statistics shown in Table 3 is(are) TRUE and which
is(are) FALSE? [Indicate TRUE or FALSE for each
statement.]

a. There is less than a 5/1000 probability that the
observed difference in fotal mortality rates was
due to chance;

b. The P-values for the differences in
cardiovascular disease and arteriosclerotic heart

disease death rates may overestimate the possible

role of chance;



(4 pts.) 10.

(2 pts.) 1l1.

TRUE FALSE

(2 pte.) 12.
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Draw a flow-chart of the study showing the
recruitment and follow-up phases. Include dates for
both stages and the pumber of subjects in each
category jpncluding loss to follow-up. Do pnoft give a
detailed breakdown of the excluded subjects.

Which of the following statements concerning the
results shown in Table 2 is(are) TRUE and which
is(are) FALSE? |[Indicate TRUE or FALSE for gach
statement. ]

a. The effect of propranolol on prognosis (as
measured by the relative risk of death comparing
the propranolol group to the placebo group) is
stronger at 12 months than at 36 months.

b. The absolute difference in cumulative mortality
risk is greater at 36 months than it is at 24
months.

Give a major reason for preferring life-table or
survivorship analysis of the data for this trial as
in Table 2 over comparison of overall cumulative
mortality as in Table 3.




(2 pts.) 13.

(5 pts.) 1l4.

TRUE

Note:

FALSE

-5

If it were desired to explore the possible impact of
loss to follow-up, what would be the most
conservative assumption about the fate of the
subjects lost to follow-up? [Note: interpret
"conservative" to mean "in the direction of a
no-effect result”.]

Which of the following statements concerning Table 4
is(are) TRUE and which is(are) FALSE? [Indicate TRUE
or FALSE for gach statement.]

a. Mortality risk was monotonically related to "Risk
group”.

b. The SMR for the propranolol group, using the
placebo group as the standard, would be less than
1.0. |[see note below]

c. The direct age-adjusted mortality rate in the
propranolol group, using the placebo group as the
standard, would be glightly higher thap the
unadjusted rate (of 7.2%). [see note below]

d. A comparison of propranolol and placebo group
mortality based on age-adjusted rates would be
misleading since it would mask the heterogeneity
in direction of effect. [see note below]

e. The fact that the most favorable life-table
relative risk was observed in the 30-39 year old
subjects is convincing evidence that age modifies
the propranolol effect.

This was a convenient location for guestions on age
adjustment; they are not necessarily relevant to this study.

12/14/83
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importance of the beta blocker results. One asserts

(3 pts.) 15. Two medical friends of yours;te disputing the
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that a 26% reduction in mortality is very impressive.
The other responds that although statistically
significant, the 3% difference in cumulative
mortality is too small to have any public health
impact. What would you say to your friends?
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Section II: Myocardial infarction in women under 50 years of age
[36 points]

The following questions relate to the article "Myocardial

infarction in women under 50 years of age", by Lynn Rosenberg,

Donald R. Miller, David W. Kaufman, et al. (JAMA November 25,

1983;250:2801-2806) . An excerpt consisting of the introduction,

ggttgds, and tables 1-6 is attached at the end of the examination
oklet.

(2 pts.) 1. The primary purpose of this study was to: [Choose gne
best answer]

A. Exaluate the effects of various factors on
myocardial infarction (MI) in women under 50;

B. Test the hypothesis that smoking is the major
risk factor for MI women under 50;

C. Investigate whether the risk associated with
smoking diminishes with advancing age.

D. Test whether oral contraceptive use increases
risk of MI in women under 50;

(3 pts.) 2. Cases were recruited from among about 585 women
admitted to one of 155 hospitals with an acute MI
meeting World Health Organization criteria for the
diagnosis. This report is concerned with 256 cases.
Which of the following accounts for most of the
difference in number of cases studied? [Choose one

best answer.]

A. refusal of the in-hospital interview;

B. refusal of the home visit;

C. death of the patient prior to interview;

D. exclusion due to location of residence relatively
inaccessible to the investigators;

E. exclusion for use of drugs affecting plasma lipid
levels.

12/14/83



(4 pts.) 3.

(4 pts.) 4.

(2 ‘pt8.) 5.

TRUE FALSE
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Most of the information for this study was collected

several months (median 16 months) after the subject's
MI. Give two (2) disadvantages of this study design

characteristic:

In this study, is age a confounder of the association

between being an ex-smoker and'nonfatal MI risk?

Support your answer by
based on data from Table 1. Show all

work. [The support is worth 3 points.]

Multiple logistic regression analysis was used to
evaluate the potential confounding effects of several
factors and to test for trends in risk.

Which of the following statements concerning logistic
analysis of these data is(are) TRUE and which is(are)
FALSE? [Indicate TRUE or FALSE for each statement.]

a. In order to test for a trend in risk, a
dichotomous exposure variable should be used.

b. A logistic model without interaction terms
assumes a multiplicative relationship among the
various exposure variables on odds of MI.



(2 pts.) 6.

(3 pts.) 7.

(4 pts.) 8.

(4 pts.) 9.
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If the relative risk from hypertension [see Table 6]
had been estimated using a multiple logistic model,
what would be the approximate value of the beta

coefficient? [Show formula and/or calculatiop.]

What is a principal advantage of multiple logistic
regression analysis over stratification analysis for

controlling confounding and how esgential was it for
this study?

For total cholesterol levels below 250 mg/dL is the

joint relationship among:

- HDL (< versus >= 40 mg/dL),
- total cholesterol (< versus >= 200 mg/dL), and
- MI risk

in Table 3 better described as additive or
? [Support vour answer with appropriate

multiplicative
data from the table (the support is worth 3 points).]

Cite two (2) of Bradford Hill's criteria that would
support an inference that cigarette smoking is
causally related to nonfatal MI in women under 50:
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(6 pts.) 10. The case-control design is particularly susceptible
to several types of biases that are absent or
greatly reduced in cohort studies. Indicate fwo
such types of bias (be more specific than saying
merely "selection bias" and "misclassification
bias") and for each type briefly assess how
important it might be in causing the results of this
study to differ from what would be found in a cohort
study of myocardial infarction and cigarette smoking
in women under 50.

(2 pts.) 1l1. The authors concluded that cigarette smoking is the
dominant identified risk factor of MI in young women.
Which of the following would be the most appropriate
measure for describing the proportion of nonfatal
first MI among women under age 50 that could be
avoided if cigarette smoking were eliminated? [Choose

one best answer]

A. etiologic fraction in the exposed (attributable
fraction);

B. etiologic fraction (population attributable
fraction);

C. excess risk;

D. odds ratio.

12/14/83
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Section III: Commentary [25 points]

For any one of the topics listed below, write a guccinct
commentary in which you:

(1)

(2)

(3)

PLEASE:

(1)

(2)

(3)

Summarize the background and major findings on the
topic;

Describe the key methodologic issues involved (i.e.,
study designs, problems of measurement, analytic
questions, etc.);

Draw implications for policy and/or make recommendations
for furter research, where indicated.

Write your commentary on 8 1/2 by 1l inch lined note
paper.

Write on every other line and use only one side of each
sheet.

Limit your commentary to 800 words (about four (4) sides

written on every other line).

The clarity of your handwriting will be appreciated as well as
that of your exposition.

TOPICS (Choose only one):

g.
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Low dose ionizing radiation and cancer risk -- is there
a threshold?

Should home delivery be encouraged?
Do oral contraceptives reduce risk of breast cancer?
Overweight -- how much is too much?

Should the Amer Acad of Pediatrics officially recommend
that parents abstain from smoking in the presence of
their children?

Should mild hypertension be treated with drugs?

Nonpercutaneous communication of hepatitus B virus
infection -- epidemiologic evidence and implications.
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Original Contributions

JAMA

THE JOURNAL of the
American Medical Association

March 26, 1982 Vol 247. No 12

A Randomized Trial of Propranolol in

Patients With Acute Myocardial Infarction

I. Mortality Results

(3-Blocker Heart Attack Trial Research Group

® The f-Blocker Heart Altack Trial (BHAT) was a National Hear!, Lung, and
Blood Institute-sponsored, mullicenter, randomized, double-blind, and pla-
cebo-controlled trial designed to test whether the regular administration of
propranolol hydrochloride to men and women who had experienced at least
one myocardial infarction would result in a significant reduction in total
mortality during a two- to four-year period. During a 27-month Interval, 3,837
persons between the ages of 30 and 69 years were randomized to either
propranolol (1,916 persons) or placebo (1,921 persons), five to 21 days after
the Infarction. Depending on serum drug levels, the prescribed maintenance
dose of propranolol hydrochloride was either 180 or 240 mg/day. The trial
was stopped nine months ahead of schedule. Total mortality during the
average 25-month follow-up period was 7.2% In the propranolol group and
9.8% in the placebo group. Arteriosclaerotic heart disease (ASHD) mortality
was 6.2% In the propranolol group and 8.5% In the placebo group. Sudden
cardiac death, a subsel of ASHD mortality, was 3.3% among the propranolol
patients and 4.6% among the placebo patients. Serlous side effecls were
uncommon. Hypotension, gastrointestinal problems, tiredness, broncho-
spasm, and cold hands and feet occurred more frequently in the propranolo!
group. Based on the BHAT resulls, the use of propranolol in patients with no
contraindications lo f-blockade who have had a recent myocardial Infarction
Is recommended for at least three years.

(JAMA 1982;247:1707-1714)

for the symptomatic relief of angina
pectoris. It had also been demon-
strated in experimental animal mod-
els that these agents decreased myo-
cardial ischemia and limited infarct
size.'"" Because of indications that 8-
hlockers would be beneficial, a num-
ber of clinical trials had been carried
out using these agents in the long-

BY THE mid-1970s, g-blocking agents
were used commonly in the treatment
of coronary heart disease, primarily

From the National Heart, Lung, and Blood
Inatitute, Bethesda, Md

Aeprint requoasts 1o Clinical Telals Branch,
Federal Bldg, Room 218, Bethesds, MD 20205
(Lawrance M. Friedman, MD)

JAMA, March 26, 1982—Vol 247, No. 12

f#-Blocker Heart Attack Trial Research Group

term treatment of survivors of myo-
cardial infarction (MI)."” Several of
these studies showed trends favoring
the use of B-blockers; however, be-
cause of small sample size or other
limitations in design and analysis, the
results were inconclusive. Based on
these studies, the National Heart,
Lung, and Blood Institute (NHLBI)
decided that a study of sufficient size
would be needed to address the ques-
tion of benefit of pA-blockade in
patients after myocardial infarction.
To this end, the NHLBI initiated the
B-Blocker Heart Attack Trial (BHAT)
in 1977.

The primary objective of the BHAT
was to test in a multicenter random-
ized, double-blind, placebo-controlled
trial, whether the daily administra-
tion of propranolol hydrochloride to
patients who had had at least one
documented MI would result in a
significant reduction in mortality
from all causes during a two- to
four-year follow-up period. Secondary
objectives of the trial were to study
the effect of chronic administration
of propranolol on coronary heart dis-
ease (CHD) mortality; sudden cardiac
death (death from arteriosclerotic
heart disease, occurring within one
hour of the onset of symptoms); and

1707
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CHD mortality plus definite nonfatal
MI.

Since 1977, the results of other
studies of g-blockers in patients after
MI  have been  reported. ™ With
regard to mortality, one of these,
which evaluated alprenolol hydro-
chloride, showed benefit in a subset of
younger patients, and one, which
used propranolol, showed no differ-
ence."” Two recent trials, one of which
studied timolol maleate and the oth-
er, metoprolol tartrate, demonstrated
benefit from #-blockers." "

The preliminary findings of the
BHAT have been released in a special
advance report” This article dis-
cusses in more detail the final results
of the trial with regard to the effect
of treatment on mortality.

METHODS

A detailed description of the BHAT
design, sample-size calculation, eligibil-
ity criteria, response-variable definitions,
randomization, and follow-up procedures®
is published elsewhere*'" and will be only
summarized here. Participating centers
and investigators are listed at the end of
this report

The screening for study participants
hegan on June 19, 1978, and ended on Oct 2,
14980, Men and women from age 30 through
69 years who were hospitalized with an
acute MI documented by appropriate
symptoms, and ECG and enzymatic
changes were candidates for enroliment in
the trial. Patients were excluded from the
study if they had medical contraindica-
tions to propranolol, such as marked
bradycardia; a history of severe congestive
heart failure or asthma as an adult; a
life-threatening illness other than CHD;
had or were likely to undergo cardiac
surgery; or were already taking or were
likely to have B-blockers prescribed to
them Before enrollment, each patient was
informed as to the nature of the study and
its possible henefits and hazards, and
informed consent was obtained. The coor-
dinating center randomly assigned either
propranolol or placebo to eligible patients
in a double-blind manner, five to 21 days
after hospital admission and while the
patient was still hospitalized.

Patients were recruited at 31 cenlers
with 134 participating hospitals. During
the approximately two-year recruitment
phase, a diagnosis of MI using BHAT
criteria was made in about 16,400 patients
who survived at least five days after
admission and who were age eligible. Of
these, TT% were not enrolled —18% be-
cause of contraindications to propranolol,
18% because they were already receiving

1708
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Table 1 —Baseline Comparison
Group
Propranaoiol Placebo
- Varlable (n=1.918) (n=1.921) z

Male, % S 838 8s Y =1 15 |
White, = B9 3 88 4 oae
Mean age, yr 647 549 -0.81
Mean systolic BP, mm Hg 1123 1m?7 165
Mean diastolic BP, mm Hg 725 723 0.95
Mean heart rate, beatls per minule 782 57 138
Mean cholesterol, mg/dL 2127 21386 -0.85
Mean weight, kg

Men 802 798 083

Womaen B7 4 665 088
Curren! smoker, % 57.4 569 028
Medical history, %

Prior MI* 139 132 064

Hypaertension 414 401 082

Angina pectoris ase s -0.48

Congeative heart Iallure 20 94 -0.42
« Dinbeles "nr 113 0.38
Taking propranolol or other f-blocker 72 68 D48
In-hospital ing belore r -

Atrial tibrillation 88 587 149

Congestive heart lallure 143 149 -0.56

Ventricular tachycardia 230 232 -0.18

Use of antiarrhythmic drug 458 460 -0.12
Medications being used al time of randomization, % '

Antiarrhythmic 166 179 -1.03

Anticosgulant 139 151 -102 {

Antiplatelet 71 68 0 40

Oluretic 181 18.0 -1.59

Vasodilator 360 363 -0 21

Digitatis 125 130 -050

Oral hypoglycemic 22 18 083
Location of BHAT ML* &

Anterior 278 257 147

Anterior and inferiort 92 100

Inferior aie 324

Nontransmural 229 228

Non-BHAT MI 8.6 8.2
ECG abnormalities, % s

Q-Q8 waves 673 674 -0.04

ST depression’ T 258 287 -058

ST elavation 122 145 -1.98

T.wave abnormalities T 648 059 -0.68

Ventricular conduction defects 103 75 209

B icull d J as ar -020

Cardiomagaly.$ % aro 347 1.34

*MI indicates myocardial infarction. BHAT, J-Blocker Hean Attack Trial

but it was not determined which was he

tEwdance of both anterior and
location ol the acute BHAT avent

Mi was p

$Card: galy is defined as a dioth

p oant chest o grams Data are missing lor 15% of BHAT patient population

or were likely to have propranolol pre-
seribed to them, 26% because of study
design considerations (such as living far
from the clinic, having a cardiac pacemak-
er, having had cardiac surgery, or having
other life-threatening diseases), and 15%
hecause they or their private physicians
did not consent to participate. About 23%,
or 3,837 patients of the target population,
were randomized (1,916 to propranolol and
1,921 to placebn).

A regimen of assigned study medication
was begun (20 mg of propranolol hydro-

B-Blocker Heart Attack Trial Research Group

ratio ol greater than 50% by standard sinloot ]

chloride or matching placebo) immediately
after randomization. If no adverse reac-
tions were noted, the dose was increased to
40 mg of propranolol hydrochloride or
placeho every eight hours. Blood samples
were drawn after a minimum of six ¢on-
secutive doses on the 40-mg schedule, and
vight hours after the last dose. For
patients in the propranolol group, if the
serum propranolol level” as determined
by a central laboratory, was below 20
ng/mlL, the patient was prescribed 80 mg
three times a day (240 mg/day) on his

Cumulative Mortality, %
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048
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-0.58
-015
-0.12

-103
-102

040
-1.59
-0.21
-0 50

083

1.47

-0.04
-058
-1.98
-0.66

299
-020

1.34
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‘o) immediately
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15 increased to
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i schedule, and
lnst dose. For
il group, if the
as determined
was helow 20
vaeribed B0 mg
we/day) on his
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Table 2. —Lile Tables for Propranolol and Placebo Groups
Propranolo! Placebo
No. Alive at No. Alive at
Beginning of Lost to Cumulative Beginning of Lost to Cumulstive
Pariod, mo Intervals Deaths Follow-up Mortality, % Interval Deaths Follow-up Mortailty, %

13 1,916 a7 ] 1.93 1,921 50 2 260
a8 1878 10 0 Bl W 24 1,809 3 0 422
712 1,868 23 1 366 1,838 34 ' 580
1318 1,844 24 2 | s00 1,803 a0 1 7.60
19-24 1,501 29 0 713 1,458 20 1 0.15
2538 1.087 T 0o | ™oeoo o7 22 "2 'Jos2 ™"
36+ 202 1 0 10.28 204 1 ' 13.29
Total 138 I 6 188 8 iy

18 24 30 36

F
2
=
5
2
o
2
=
3
E
3
o
0 6 12
Months of Follow-up
N=3,837 3,706 3,647 2,959

2,163 1,310 406

Life-1able cumulative mortality curves for groups recaiving propranolol hydrochioride and
placebo. N indicates total number of patients followad up through each time point.

return to the clinic at four weeks. If the
blood level was at or above 20 ng/mL, the
patient was assigned to a schedule of
60-mg tablets of propranolol hydrochlo-
ride three times a day (180 mg/day). To
maintain the "blind,” patients taking pla-
evho were also assigned to either 180- or
240-mg daily dosage schedules Dosage
assignments were made through the coor-
dinating center and remained in effect for
the duration of the trial. Of the 3,837
enrolled patients, R2% were assigned the
180-mg/day regimen and 18% were as-
signed the 240-mg/day regimen.

Patients were asked to report to their
clinical center at three-month intervals,

JAMA, March 28, 18982—Vol 247, No. 12

with the exception of the first and second
visits, which were scheduled for one
month and six weeks after entry, respec-
tively. At each visit, adherence to study
drug, side effects, health status, the use of
non-study medication, and occurrence of
morbid events were monitored and addi-
tional study medication was dispensed
The clinic physician, on assessment of the
patient, could reduce the prescribed dose
of medication. Study medication was with-
drawn from patients who were prescribed
non-study B-blockers, with neither the
patients nor the physicians being “un-
blinded.”

All deaths were classified by the mortal-

f-Blocker Heart Attack Trial Research Group

ity classification subcommittee without
knowledge of the treatment assignment.
Information on cause and circumstances
of death was obtained from relatives,
witnesses, death certificates, attending
physicians, hospital records, and autopsy
reports.

Percentages of events in the propranolol
and placebo groups, as well as results of
life-table analyses, are reported. All
enrolled patients, regardless of final eligi-
hility determination or degree of adher-
ence to medication, are included in these
analyses and are counted in the study
group to which they were assigned origi-
nally. Allowances were made in the origi-
nal sample-size estimate to accommodate
the anticipated noncompliance rates."”
Mortality results were analyzed using
standard survival analysis methods.”*

Study data were reviewed periodically
by a policy and data monitoring board, the
members of which were not investigators
in the BHAT. Because mortality data were
to be analyzed at seven scheduled board
meetings during the study, the probability
of detecting a significant treatment effect
by chance alone was greater than it would
have been had the data been analyzed only
at the end of the study. A number of
statistical methods were proposed to cor-
rect for repeated significance testing”*
The policy and data monitoring board was
guided primarily by a monitoring tech-
nique™’’ that requires extreme differances
between groups early in the trial and
smaller differences as the trial proceeds.
Thus, the critical z value (observed differ-
ence divided by the standard error) at the
first meeting of the board, for a=05 and a
two-sided test of significance was 546,
while at the scheduled end of the trial the
critical z value was 204. The conventional
critical z value for a single test of the data
is 1.96,

The board also considered at each
review the probability that a statistically
significant treatment effect would be iden-
tified if the study continued to its sched-
uled termination.™™ This approach to ear-
ly stopping is also conservative, since the
probability of detecting a significant dif-
ference is computed under the hypothesis

17089
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Tabie 3 — Cause-Spacific Mortality by Treatment Group
Propranolol Placebo
Cause of No. of No. of P
Death Deaths Mortality, % Deaths Mortality, % (Two-Sided)

Total mortality 138 12 188 98 < D05
Cardiovascular disease 127 68 171 89 <o
Aner heart d 119 62 164 85 <01

Suddent B84t aa L] 48 <05

Nonsudden 55 29 75 39 NS
Other cardiovascular disease 8 04 7 0a NS
Noncardiovasculer disease 1" 06 17 09 NS

“Bocause of the numetous stalistical tests performed, the P values for cause-specific mortality

should be interpreted cautiously

{Deaths ocournng less than one hout from onsel of symploms
tOne death coded as sudden ocourred approximately one week after cardisc surgery

Table 4 —Mortality by Selected Baseline Variables, by Treatment Group
Propranolol, Placebo, Lite-Table
No (%) No. (%) Relative
Variable Mortality o Mortality Risk
M'ﬂuc! focation - - o
Antarior 533(7 5) 494 (10.9) oer
Antetior and infenor 176(11.4) 192(18.1) 075
Intanor 805(5. 1) 823(8.2) - 081
Nontransmural 438(8.2) 435(7.8) 107
Non-BHAT MI* 184(B.7 177(11.3) 058
Risk group
1 267(13.%) 254(17.3) ' 074
2 527(8.2) 501(11.8) 068
3 ., 1.122(53) 1,188(7.3) \7° 071
Ago yr
30.39 100(2 0) 05(6.3) 7 0a1
40 490 417(58) 405(6.4) 0.90
5059 783 (6 6) 78R(8.0) 082
6069 616(8.7) 633(14.7) 064
Sex il
M 1,605(7 2) 1.835(0.5) 0rs
F 311(7 0 286(11.8) © 0862
Diastolc BP, mm Hg
<70 667(58) 873(8.3) 77 070
7078 670(7.8) 896 (10.5) 072
=78 570(8.1) 562(10.7) ™ 074
Hoart rate, beals per minute
<73 B683(4 5) 708(7.3) ™™ 059
73.80 637(8.2) 648(9.9) 08a
>80 596(9.2) 565(12.7) 070
*EHAT indicates [ Biocker Heart Attack Trial; MI, myocardial infarction
of no difference in mortality between the RESULTS
:::?!:mm groups for the remainder of the Table 1 shows the distribution of
selected  baseline  characteristics.

On Oct 2, 1981, the policy and data
monitoring board of the BHAT concluded
that the propranolol therapy was effective
and recommended that the trial be ended
eurlier than planned and that the results
be reported promptly. Based on this rec-
ommendation, official patient follow-up
wvas stopped on Oct 2, 1981, rather than in
June 1982 as scheduled.

Because of the issue of multiple signifi-
cance testing, only the significance level
(P value) for the primary response vari-
able (total mortality) is unambiguous. For
other outcome variables, the indicated
significance values should be interpreted
cautiously
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Overall, there was excellent compara-
hility between the two groups. The
mean number of days in the hospital
before randomization was 13.9 in the
propranolol group and 13.7 in the
placebo group. The median number of
days was nine in each group. A more
extensive discussion of the distribu-
tion of baseline characteristics in
BHAT is available elsewhere.”

After an average follow-up period
of 25.1 months, 188 patients in the
propranolol group (7.2%) and 188 in
the placebo group (9.8%) had died.

(Sinee the earlier report of the find-
ings, eight additional patients were
found to have died on or before Oct 2,
1981, the official end of the trial —five
in the placeho group and three in the
propranolol group.) The life-table is
shown in Table 2, and the survival
curve is presented in Fig 1. At the end
of the trial, vital status was unknown
for 12 patients (four in the proprano-
lol group and eight in the placebo
group). Based on all randomized
patients, the life-table z value for
all-cause mortality is —2.90 (nominal
P<.005; if repeated testing is taken
into account by means of the indi-
cated technique, two-sided F<.01).
Adjusting for selected baseline varia-
bles by means of the Cox model”
vielded a z value of —3.05 (the adjust-
ing variables were treatment group,
age, sex, race, smoking status, leisure
time activity, prior MI, diabetes mel-
litus, angina pocioris, history of
hypertension, vasodilator use, compli-
cations during the qualifying MI [car-
diogenic shock, hypotension, conges-
tive heart failure, use of digitalis,
pulmonary edema, ventricular fibril-
lation, atrial fibrillation, atrioven-
tricular block], diminished right
dorsalis pedis pulse, heart rate, hem-
atoerit reading, WBC count, serum
cholesterol level, ST-segment eleva-
tion on ECG, ventricular conduction
defect on ECG, diastolic BP, location
of M1, intermittent claudication, se-
rum creatinine level, and antiplatelet
therapy).

Cause-specific mortality results are
presented in Table 3. Cardiovascular
mortality was reduced in the pro-
pranolol group (6.6% v 89%, P<.01).
A subset of this category, arterioscle-
rotic heart disease (ASHD) mortality,
was also reduced (62% v B5%,
P<.01). Sudden death, a subset of the
ASHD category, was less frequent in
the propranolol group (3.3% v 4.6%,
P<.05).

Table 4 shows mortality results
analyzed by selected baseline varia-
bles. A relative risk of less than 1
indicates lower observed mortality in
the propranolol group. Most of the
subgroups studied exhibit a trend
that is consistent with the overall
finding of the study. A possible excep-
tion was the subset of patients with a
nontransmural infarct. Propranolol
was as effective in patients with
inferior MIs as in those with anterior

B-Blocker Haart Attack Trial Research Group
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THE CAUSES of myocardial infare-
vion (M1} have heen studied exten-
sively in older people, and the impor-
tant roles played by cigarette smiok-
ing, lipoprotein levels, and hyperten-
sion are established.” The disease has
not been well studied in young people,

particularly women, among whom MI
is very uncommon. It is known that
the effects of certain factors depend
on age. It has heen shown, for exam-
ple, that cigarette smoking has a
powerful effect on the risk of MI at
voung ages and that the relative
increase in risk associated with a
given level of smoking diminishes
with advancing age.'*

In the present study, the effects of
various factors on the risk of nonfatal
first MI in women under 50 years of
age were evaluated. These include
smoking, plasma lipid levels, hyper-
tension, preeclamptic toxeniia, angini
pectoris, diabetes mellitus, ohesity,
ABO blood group, family history of

MI, personality type, and reproduc-
tive factors. Oral contraceptives,’™
noncontraceptive estrogens,’ aspirin,’
coffee,” and alcoholic heverages™ have
heen reported on elsewhere.

SUBJECTS AND METHODS

The duta were obtained from a case-
control study of first nonfatal MI in
rolution to oral contraceptive (OC) use in
women under 50 years of age.”” The study
wis condueteld in two phases. In the first
phase, women who were admitted to a
hospital with an scute M1 that met World
Heulth Organizition eriteria for the ding-
nosis” (eases) and women sulmitted for
other disorders (controls) were inter-
viewedl in the hospital.* Subsequently, in
the second phase, selected participants
were visited in their homes, where further
information was collected and s blood
sample was drawn. This report is con-
cerned exclusively with those who partici-
pated in both phases.
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Myocardial Infarction in
Women Under 50 Years of Age

Lynn Rosenberg, ScD; Donald R. Miller, MS; David W. Kaufman, ScD; Susan P. Helmrich, MS;
Stephen Van de Carr, MD; Paul D. Stolley, MD; Samuel Shapiro, MB, FRCP(E)

Phase 1

Between June 1976 and June 1979, inter-
views of cuses and controls were carried
out in 155 hospitals located in three geo-
graphic regions "—greater Roston, Long
Island and the coastal arva north of New
York City, and the Delaware Valley; the
refusal rate in both the cases and controls
was about 5% . Information an personal
characteristies, hubits, aml medieal and
reproductive  histories  was elicited by
standard questionnaires Lifetime medica-
tion histories were alicited by squestions on
12 indications for idrug use

There were 536 cases and 3,511 controls.
They were 25 to 49 years of age, and none
had a history of previous ML The controls
were admitted for diagnoses judged to be
unrelated to OC use, mainly fractures and
sprains, orthopedic disorders, and acute
infections.”

Phase 2

In this phase, conducted between June
1975 and June 1981, cases and controls
from each of the three geographic regions
were selected for a home visit. Only sub-
jects who lived in areas chosen for accessi-
bility were eligible. About half of the cases
interviewed in the first phase were
included; an attempt was made to also
include, for each case, about three controls
of similar ages from the same areas. The
refusal rate was 14% among eligible cases
and 27% among eligible controls.

The home visit was made at least three
months after discharge from the hospital,
with a median interval of 16 months. A
blood sample was drawn for determina-
tions of ABO blood group, total plasma
cholesterol level, and plasma high-density
lipoprotein (HDL) cholesterol level, 93%
of both cases and controls gave nonfasting
blood samples. The cholesterol measure-
ments were made on edetic acid-treated
plasma by the Framingham Heart Study
laboratory with the methods of the Lipid
Research Clinics.”” At the same visit, the
subject’s weight was recorded, informa-
tion on history of MI or stroke in the

subject's parents and siblings was oh-
tained, and a ten-question personality
questionnaire hased on the Junking Activi-
ty Scale'’ was administered The question-
naire was designed to measure time urgen-
cy and competitiveness; pussible scores
ranged from 0 to 10, with high scores
indicating a greater tendency to “type A"
personality.

There were 256 cases and B04 controls.
The median age was 44 years among the
cases and 42 years among the controls
One case and two controls who had used
0Cs or clofibrate within the month before
the home visit were excluded because
these drugs can affect plasma lipid levels,
Thus, the present report is based on 255
cases and 802 controls.

Analysis

We computed 95% confidence intervals
about point estimates of relative risk
using Miettinen's method.” Unless other-
wise noted, estimates given in this report
are aggregated over strata of age (<40, 40
to 44, and 45 to 49 years) und cigarette
smoking (none, one to 24 cigarettes per
day, and =25 cigarettes per day) by the
Mantel-Haenszel method.”

Multiple logistic regression analysis was
used to evaluate the potentiu! confounding
effects of several factors and to test for
trends in risk.* The logisiic regression
equations included terms fur each factor
considered in this report and for age,
geographic region of the admitting hospi-
tal, and OC use. The logistic regression
estimates were generally similar to those
ohtained after stratification on age and
smoking and are not presented,

The tables show slight variations in the
totals because of the exclusion of subjects
with unknown values for particular fuc-
Lors.



Table 1. —Cigarette Smoking Among Cases of Table 3.—Total Plasma Cholesterol Levels Among Cases
Myocardial Infarction and Controls of Myocardial Infarction and Controls, by
High-Density Lipoprotein (HDL) Levels
No. (%) 05%
Relative Risk  Confidence Total
Cigarettes /Day Cases Controls Egtimale” Interval Plasms Plasma No. (%) Relative 05%
Never smoked 24(9) 250(31) (100t . HOL, Cholesterol, Risk Confidence
Ex-amokers 18(7) 126(16) 1.4 0728 mg/dL mg/dL Cases Controls Estimate’ Interval
114 8(3) 88(11) 08 0422 <40 <200 45(30) 141(53) 15 0824
15-24 66(28) 172(22) 43 2670 200-248 58(40) 80(34) - 4 1950
25-34 54(21) 73(9) 83 50-14 250-269 31(21) 25(9) 52 2610
=35 85(33) 86(11) 10 6516 =300 14(9) 8(3) 52 2312
ANSWANGS (ide ¢ 80N, =40 <200 27(28) 284(50) 0s 03-1.0
tRefarance category 200-248 45(43) 203(38) (r1.o)t “as
$Last smoked at least one yoar before admission 250-299 20019) 49(9) 20 1.0-4.1
=300 12(12) 13(2) §5 2314
*Allowance made for age and cigarette smoking
tReferance category
Table 4. —Plasma High-Density Lipoprotein (HDL) Levels
Table 2 —Total Plasma Cholesterol Levels Among Cases Among Myocardial Infarction Cases and Controls
of Myocardial Infarction and Controls . -
No. (%) 5%
Yolal Plasma No. (%) 95% P HOL, Relative Rl.ot Confidance
Cholestarol, Relstive Risk Confidence mg/dL Cases Controls Estimate Interval
mg/dL Cases Conlrols Estimate” Interval <30 47(19) 85(8) 1 1854
« 200 72(28) o6 0409 30-39 103(41) 199(25) 24 1537
200249 105(41) (ot alh 40-49 56(22) 232(29) 12 0720
250269 51(20) 19 1.2-3.1 5059 32(13) 187(21) (roxn
=300 26(10) 3.2 18589 =60 16(8) 130(18) 08 0313

*Alowance made 1or age and cigarette smoking

tRelerence category

*Allowance made 1or Qe and cigarelle smoking

tnom category

Table 5. —Plasma High-Density Lipoprotein (HDL) Levels Among

Myocardial Infarction Cases and Controls by

Total Plasma Cholesterol Levels

Total
Plasma  Plasma No. (%) Relative 95%
Cholestarol, HOL, Risk Confidence
mg dbL mg/dL Cases Controls Estimate* Interval
<250 <30 33(20) 58(8) as 1887
30-39 71(40) 175(25) 23 1338
40-49 40(23) 208(30) 12 0822
50-59 23(13) 144(21) (100t
>80 a(s) 114(18) 0s 0212
>25%0 <30 30 s 55 224
30-39  32(42) 24(25) 83 3918
40-49 18(21) 23(24) 38 17.88
5059 9(12) 23(24) 29 11789
=80 7(8) 8017) s 1.1-12

*Allowance made for age and ogaretie smoking

tReterence category

Table 8 —Hypertension and Other Conditions Amang Cases of

Myocardial Infarction and Controls

No. (%) Relative 95%
Risk Confidence
Condition Cases Controls Estimate* Interval
Hypertansion 61(24) a9012) 20 1429
Preeciamptic
1oxemis 26(10) 60(8) 1.3 0823
Dabetes
melltis 19(7) 14(2) 64 3312
Angina
pectons 12(8) 10(1) 38 1585

*For aach lactor, the «
made lor age and cCigarette
hypetiension. allowance made for age,

Pl
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ang hyperiens.on
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Section I:

(2 pts)
(2 pts)

(3 pts)

(2 pts)

(2 pts)

(2 pts)
(3 pts)

(3 pts)
(2 pts)

12/18/83

1.
2.

6.
7.

8.

Beta-Blocker Heart Attack Trial [39 points]

D

No concern about ambiguities of classification of
cause of death; avoids concern that saving of lives
from CVD might be offset by increased deaths from
some other effect of the drug. '

Drawback is dilution of effect (or reduced
statistical power) because of inclusion of unrelated
causes of death along with relevant ones. Not a
serious problem here since over 85% of deaths were
from arteriosclerotic heart disease.

Randomization tends to balance the two groups with

respect to unknowp and/or unmeasurable potential
confounders. ;

Case fatality of MI patients may have changed due to
improvements in other aspects of medical care and
patient behavior; patients may differ in
characteristics that cannot be controlled in the
analysis because were not measured in controls.

A

Patients already receiving or likely to have
propranolol prescribed - these are exactly the
target population to whom the results are to be
applied, nor it is not possible clearly to
distinguish them from those in the trial. Several
other answers were given full credit.
Contraindication to propranolol is not very
problematic, since such patients are by definition
not appropriate for receiving the drug.

i 1

FF



(4 pts) 10.
1774 alive

/
1916 propranolol —-— 138 died
[16 ,400 patients screened] //

4 lost
3,837 patients randomized———-—
y 1725 alive
\
1921 placebo ——--—--- 188 died
8 lost
Subject recruitment Follow=up

6/19/78 - 10/2/80 6/19/78 - 10/2/81

. (2 pts) 11. TT

(2 pts) 12. Different lengths of follow-up, because subjects
were recruited over a two-year period (the different
lengths of follow-up for subjects are reflected in
the 2nd and 6th columns of Table 2);

survivorship analysis takes into account the time to
death as well as the fact of death;

better control of loss to follow-up (only gets part
credit, since so few subjects were lost). '

(2 pts) 13. The subjects lost from the propranolol group all
died at time they were lost to follow-up, whereas
those lost from the placebo group remained alive at

» the end of the trial. [1 point if said that those
lost from propranolol group died and those lost from
- placebo group survived.]

‘ (5 pts) 14. TTTFF

(3 pts) 15. Tell them (1) that the observed difference
underestimates the real impact, due particularly to
analysis of subjects according to their originally
assigned group regardless of ultimate beta blocker
status; (2) that 3% in cumulative mortality risk
applied to such a major cause of death could result
in thousands of lives prolonged.

Section II: Myocardial infarction in women under 50 years of age
[36 points]

(2 pts) 1. A
(3 pts) 2. D
(4 pts) 3. change in risk factor levels, selective survival,

degradation of memory, more time to learn family
history :

12/18/83



(4 pts)

(2 pts)
(2 ptSi

(3 pts)

(4 pts)

(4 pts) 9.

(4 pts) 10.

(2 pts) 11.

12/18/83

5.
6.

-3 -

Age is not an important confounder: crude OR for
being an ex—-smoker 1is:

(18) (250)
_________ = 1.49 (vs 1.4 controlled)
(24) (126) '

FT

Beta coefficients for dichotomous variables in
logistic model are natural log of OR [1n(OR)], so
beta coefficient for hypertension = 1ln(2.0) = .7 (it
is most logical to use this adjusted relative risk
rather than to compute OR from the percent of cases
and controls with hypertension, since the logistic
model would have adjusted for age, smoking, and
preeclamptic toxemia).

Ability to control for many variables simultaneously
(important because many MI risk factors but in the
end it was necessary to control only age and smoking
for most analyses); ability to model dose-response
relationships (important because many risk factors
examined in this study are ordinal or continuous)

Multiplicative: within each HDL category, total
cholesterol between 200-249 mg/dL is associated with
a tripling of risk over <200 mg/dL; within each

total cholesterol category (<200 and 200-249 mg/dL)
HDL < 40 mg/dL is associated with a doubling of risk
over HDL >= 40 mg/dL: '

Relative risk estimates from Table 3

HDL<40 HDL>=40

Total cholesterol <200 1.5 0.5
Total cholesterol 200-249 < Y B 1.0

[reference
category]

Strength (RR estimate of over 8 for heavy smoker),
dose-response (Table 1), biological plausability
(nicotine and carbon monoxide affect heart and blood
vessels), consistency (other studies have shown),
antecedent—consequent is not an issue.

Selective survival: could well be a problem, since
fatalities occur before hospital admission;
selective recall/interviewer suspicion bias - could
well be a problem because interviewers were probably
not blinded to case-control status;
antecedent—consequent — probably not serious in this
study, since smoking onset occurs in young adulthood
and doubtfully following onset of arteriosclerosis

B
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The following questions relate to the article "A randomized trial
of propranolol in patients with acute myocardial infarction”
(Beta-Blocker Heart Attack Trial Research Group, JAMA March 26,
1982:247:1707-1714).

(2 pt) A.l. The BHAT was a "double-blind, placebo-controlled
trial." Which of the following statements best
describes the double-blind aspect of this trial?

[Choose gne best answer]

- A. all subjects were kept in ignorance of both
treatment assignment and outcome;

B. neither the subject nor the investigators knew
the subject's actual treatment assignment;

C. neither the subject nor the investigators knew
the subject's actual outcome;

D. neither the subject nor the investigators knew
the subject's treatment assignment or outcome.

(2 pt) A.2. Which of the following statements best describes the
meaning of "placebo-controlled" in this study?

[Choose gne best answer]

A. all subjects received, in addition to their
pharmacologic treatment, specific verbal
reinforcement from the physician in order to
control for expectancy effects;

B. empirically-verifiable outcomes were used to
minimize the impact of expectancy effects on the
part of both subject or investigators;

C. randomization reduced the likelihood that
self-fulfilling expectations could influence the
subject outcomes;

D. control subjects received an inert pill or
capsule with an appearance identical to that of
the experimental subjects.

12/27/83



(4 pt)

(3 pt)

A.3.

a.

b.

A.4.

TRUE FALSE

(3 pt)

12/27/83

A.5.

What are two (2) advantages of having a double-blind,
placebo-controlled trial for evaluating the
effectiveness of propranolol on the prognosis of MI
patients?

Table 1 shows z-statistics for differences between
propranolol and placebo groups with regard to several
prognostic factors. Which of the following
statements concerning these z-statistics is(are) TRUE
and which is(are) FALSE? [Indicate TRUE or FALSE for
each statement.]

a. The randomization was successful in producing two
similar groups;

b. Prognostic factors for which the z-statistic
exceeds 1.96 (the critical value for a two-sided
alpha of .025) are confounders of the
relationship between treatment and mortality;

c. Prognostic factors for which the z-statistic is
less than 1.96 are unlikely to be confounders of
the relationship between treatment and mortality.

Of the exclusion conditions listed, cite one which
would probably have little impact on the author's

conclusion and support your answer in one sentence.




-

(2 pt) A.6. Table 2 shows 10.26% cumulative mortality for the
propranolol group, whereas Table 3 shows 7.2%. Which
of the following gives the best explanation of this
difference? |[Choose one best answer]

A. The computation of cumulative mortality in
Table 2 takes into account the smaller
contribution to follow-up of subjects who died
during the trial;

B. The computation of cumulative mortality in
Table 2 takes into account the different lengths
of follow-up for subjects who did not die during
the trial;

C. The computation in Table 2 excludes subjects who
were nonadherent or where lost to follow-up;

D. The computation in Table 2 is more precise than
that in Table 3.

12/27/83
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The following questions relate to the article "Myocardial
infarction in women under 50 years of age", by Lynn Rosenberg,
Donald R. Miller, David W. Kaufman, et al. (JAMA November 25,

1983;250:2801-2806) .

(3 pt) B.l. 84% of the cases and 53% of the controls smoked
cigarettes. Compute the crude relative risk

estimate of nonfatal MI for smokers [for full
credit, your answer should show the correct formula

and the correct substitution in the formula]:

(2 pt) B.2. Tables 2 and 4 present data suggesting that total
plasma cholesterol is positively related and HDL
cholesterol is inversely related to MI risk. Which
of the following statements best characterizes their
relationship to MI risk when the influence of the
other variable is taken into account. [Choose oneg

best answer]

A. The association between total cholesterol and MI
risk is due to the influence of HDL;

B. The association between HDL and MI risk is due to
the influence of total cholesterol;

C. Each of the two cholesterol variables contributes
to prediction of MI risk;

D. There is an interactive effect of the two
cholesterol variables, so that the association of

total cholesterol with MI risk is present only at
lower levels of HDL.

(2 pt) B.3. Support your answer to the preceding question by
citing data from Table 3.

12/27/83
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Answers to Supplemental Questions

A. Beta-Blocker Heart Attack Trial

(2 pt) j T 1S

(2 pt) A.2.

B

D

(4 pt) A.3. avoid or reduce differential information bias from

(3 pt) A.4.

(3 pt) A.5.

(2 pt) A.6.
B. Myocardial
(3 pt) B.1l.

(2 pt) B.2.
(2 pt) B.3.

12/27/83

unequal diagnostic surveillance in experimental and
control groups; equalize expectancy effects among
trial participants.

a. T - only two z-statistics exceed the critical
value for .05
b. F - a statistical test does not indicate

whether confounding has occurred - given the size of
the study groups, a difference may be "significant"
but not be large enough to affect the survival
comparison.

c. T - given the size of the study groups, a
difference large enough to affect the comparison is
bound to be significant (?)

Contraindictions to propranolol - such persons would
not be eligible to receive the drug even regardless
of the trial results; patients living too far from
the clinic - could be a problem, but would not
expect geographical location to interact with
propranolol effect; cardiac pacemaker and cardiac
surgery, other life-threatening diseases - not clear
what impact of exclusion, but at least easy to
identify.

B
infarction in women under 50 years of age

OR=0dds of smoking in cases/Odds of smoking in
controls

= (.84/.16)/(.53/.47) = 4,66, or,
OR=ad/bc with some other reasonable numbers.

C

for patients with plasma HDL >= 40 mg/dL, total
plasma cholesterol is associated with relative risk
estimates of 2.0 (for 250-299 mg/dL) and 5.5 (for
>= 300 mg/dL) compared to 200-249 mg/dL; a similar
association is seen among patients with Plasma HDL
< 40 mg/dL; subjects with plasma cholesterol of
200-249 mg/dL have a 3.1 relative risk if their HDL
is <=40 mg/dL.



