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PREVENTION. HOW MUCH HARM?
HOW MUCH BENEFIT? 1. INFLUENCE OF REPORTING

METHODS ON PERCEPTION OF BENEFITS

Kenneth G. Marshall, MD, CCFP, FRCPC

Canadians devote an enormous amount of time, en-
ergy and resources to disease prevention. Patients

and physicians are inundated with advice on how to live
healthier, longer lives. How legitimate is this advice?
Which preventive interventions have actually been
proven to work? What is the magnitude of benefit? What
is the cost of prevention in terms of psychological, social

and physical effects? Is informed consent obtained for
participation in preventive programs? This series of arti-
cles will present a framework for answering these ques-
tions. This article deals with how reporting methods in-
fluence physicians' perceptions of benefits; the second
will discuss 10 other ways in which the degree of benefits
may be misconstrued; the third will deal with the harm
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that preventive interventions may cause; and the last will
discuss the ethics of prevention and informed consent.

DETERMINING THE BALANCE BETWEEN
THE BENEFITS AND HARM OF PREVENTIVE
PROGRAMS

Before a physician undertakes or a patient accepts a
specific preventive intervention, he or she should be
able to answer the following four questions.
* Is there any proven benefit from the intervention?
* If there is, how great is it?
* Are there any adverse effects of the intervention?
* If there are, what are they, how serious are they and

how often do they occur?
If the answers to these questions are available, a ratio-

nal decision can usually be made. If the benefits are great
and the adverse effects minimal, most would support the
intervention. Most would probably also support a pre-
ventive intervention even if its benefits are small or un-
proven, provided there are no significant adverse effects.
But only a fool would participate in a program in which
the benefits are unproven or small but the adverse effects
are proven and large. The most difficult decision arises
when the benefits of a program are proven and great but
the adverse effects are also proven and serious.

TYPES OF PREVENTIVE INTERVENTIONS

Many types of preventive interventions are now used.
For each, it is important to know how great the benefits
are and how frequent and serious the adverse effects are.
Any preventive measure, no matter how innocuous it
seems, may have adverse effects. People have been in-
jured by seat belts.' Contact dermatitis of the penile
skin2 or of the vulvar and vaginal mucosa3 has resulted

Type of program Example
Accident prevention Using seat belts

Using infant car seats
Using bicycle and motorcycle
helmets

'Baby proofing" a home to prevent
injuries in infants

Lowering water-heater temperature
to prevent scalding

Avoidance of high-risk Practising safe sex
behaviour Drinking moderately

Avoiding drinking and driving
Avoiding or stopping smoking
Avoiding the use of illicit drugs
Limiting exposure to the sun

Healthy lifestyle Breast-feeding
choices Regular moderate exercise

from exposure to latex condoms. People in poor physical
condition have died of myocardial infarction during vig-
orous exercise.45 And, no doubt, someone wearing a
broad-brimmed hat to prevent the sun from damaging
his or her skin will fail to see a rock slide and be killed as
a result. However, for these and many other preventive
measures, such events are rare. As a result, there is little
controversy about promoting them, even if proof of
benefit is not always conclusive. Types of programs that
most people would put into this category are accident
prevention, avoidance of high-risk behavior and healthy
lifestyle choices such as breast-feeding and regular mod-
erate exercise (Table 1).

Routine childhood and adult vaccinations may be in-
cluded in a second category in which both the benefits
and the infrequent serious adverse effects are generally
well known and well publicized.-9
A third category of preventive interventions includes

those in which the detrimental effects, even when well
documented, are often poorly publicized, and the bene-
fits are not always as great as the proponents claim.
Examples of such interventions are screening or case-
finding, risk classification for selective preventive
interventions, dietary interventions and prophylactic
prescription of drugs (Table 2). This series focuses exclu-
sively on this category of preventive programs.

Categorizing a preventive program as having more
frequent or more serious adverse effects than other types
of preventive programs does not imply that that the pro-
gram is not worth while. It simply means that the physi-
cian and the patient should ensure that they are aware of
all of the benefits as well as all of the adverse effects be-
fore deciding whether to participate.

iype ot program Example
Screening or case-finding Digital rectal examination10
to detect early disease Screening mammography"

Papanicolaou smears12
Testing stools for occult blood3""
Prostate-specific antigen testing"6
Cholesterol-level testing'7
Maternal serum screening for
markers of birth defects2"22

Risk classification for Identifying women as being
selective preventive at a high risk of complications
interventions. of pregnancy,""2'

Identifying patients as being
at a high risk of cardiovascular
disease25

Dietary intervention Low-energy, low-fat or high-fibre
*diets2'
Prescription of antioxidants3."'

Prophylactic drug Acetylsalicylic acid"3~"
treatment Cholesterol-lowering drugs1718

Hormone replacement therapy'7'M
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METHODS OF REPORTING THE BENEFICIAL
EFFECTS OF PREVENTIVE INTERVENTIONS

To decide whether the benefits of a preventive pro-
gram outweigh its disadvantages, it is necessary to have
a firm grasp of the magnitude of the benefits. This is of-
ten difficult to determine because of the way beneficial
results are reported.

The four standard methods of reporting the beneficial
results of a screening or therapeutic program are the fol-
lowing.39
* Relative reduction of morbidity or mortality rate.
* Absolute reduction of morbidity or mortality rate.
* Number of patients that need to be treated for 1 year

to prevent one adverse event.
* Total cohort mortality rate.

RELATIVE REDUCTION OF MORBIDITY
OR MORTALITY RATE

The most common and deceptive method of report-
ing the benefits of preventive programs is the relative
reduction rate. For example, a cholesterol-lowering
program may report a 40% lower rate of myocardial in-
farctions in the group that underwent treatment, or a
screening mammography program may show a 30%
lower rate of death in the screened population. Such fig-
ures, even if statistically significant, may or may not be
clinically significant. This is best illustrated by two hy-
pothetical examples.

Suppose that a drug is being assessed for its ability to
prevent myocardial infarctions in two different popula-
tions of patients. In the first hypothetical study the drug
is given daily for 5 years to 1000 men who are known to
be at a high risk of having myocardial infarction, and a
comparable group of 1000 men is given a placebo. At
the end of 5 years, 500 myocardial infarctions have oc-
curred in the placebo group and 250 in the group receiv-
ing treatment. Taking the drug has clearly resulted in a
50% decrease in the rate of myocardial infarctions. This
is the relative reduction rate. Furthermore, since the drug
has prevented 250 infarctions during 5 years in the
group that was treated, the result appears to be clinically
significant in a high-risk population of patients.

The second hypothetical study involves men with no
known risk of having a myocardial infarction. As in the
first study, 1000 men are given the drug daily for 5 years,
and a comparable group is given a placebo. At the end
of 5 years, four myocardial infarctions have occurred in
the placebo group and two in the group receiving treat-
ment. As in the first study, the relative reduction rate of
myocardial infarction is 50%, which is a pretty impres-
sive figure. However, since only two myocardial infarc-
tions have actually been prevented over 5 years, this

small benefit may well be outweighed by the adverse ef-
fects of the treatment. If so, the results would not be
clinically significant.

The first lesson to be drawn from these examples is
that relative reduction of morbidity or mortality rates
tell us nothing about the clinical usefulness of the inter-
vention. Also, the clinical usefulness of a preventive in-
tervention is greater in a population with a high preva-
lence of disease than in one with a low prevalence.

ABSOLUTE REDUCTION OF MORBIDITY
OR MORTALITY RATE

The absolute reduction rate provides a much better
idea than the relative reduction rate of the real size of
any true beneficial effect. In the first example, 250 myo-
cardial infarctions were prevented among the 1000 men
who were treated. Since a quarter of the men treated
avoided myocardial infarctions, the absolute reduction
rate is 25%. By contrast, two infarctions were prevented
among the 1000 men treated in the second example, so
the absolute reduction rate in that case is only 0.2%.
The drug is clearly clinically useful in the first case, but it
is probably not in the second.

NUMBER NEEDED TO TREAT

A third reporting method is the number of patients
one would need to treat for 1 year in order to prevent
one adverse outcome. In the first example, 20 men
would have to be treated for 1 year to prevent one myo-
cardial infarction, whereas in the second example 2500
men would have to be treated for 1 year to achieve the
same effect. The way these figures are derived can be il-
lustrated by the first example.

Over a 5-year period, 250 myocardial infarctions
were prevented by treating 1000 men. Therefore, over a
1-year period, the number of infarctions prevented
would be one fifth of 250, or 50. The number of men
who would need to be treated to prevent one infarction
would be 1000 divided by 50, which equals 20.
When presented this way, it seems likely that the

drug is clinically useful in the high-risk population but
not in the low-risk population.

TOTAL COHORT MORTALITY RATE

The fourth method of reporting beneficial effects is
to give the total cohort mortality rate in the group re-
ceiving treatment and in the control group. This is a vi-
tal piece of information because, even if the drug tested
decreases the rate of death from one disease such as
myocardial infarction, but does not decrease the overall
death rate, its value is questionable at best. One explana-
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tion for such a discrepancy is that adverse effects of the
drug have resulted in an increased rate of death from
other causes.

IMPORTANCE OF THE REPORTING METHOD

Although this discussion may seem academic, numer-
ous studies show that it is not.45 Physicians are very
much influenced by how results are reported. For exam-
ple, studies conducted in Switzerland43 and Italy44
showed that physicians were far more likely to prescribe
cholesterol-lowering drugs when they were presented
with relative morbidity and mortality rates than they
were when presented with the absolute rates or the num-
ber of patients that needed to be treated to prevent one
adverse outcome.

To illustrate further the importance to clinicians and
patients of the way benefits are reported, I present exam-
ples culled from the literature on screening programs
for breast cancer and colon cancer and on cholesterol-
lowering programs.

BREAST-CANCER SCREENING PROGRAMS

In 1993, Liddel146 reviewed the results of five major
breast-cancer screening programs involving women over
50 years of age. For each study, she compared the rela-
tive reduction of mortality rate to the number of patients
that needed to be screened to save one life (Table 3).
The relative reduction rates tend to make one enthusias-
tic about these programs; expressed as the number of pa-
tients that need to be screened to save one life, the infer-
ence is somewhat discouraging.

Harris and Leininger52 compared the relative reduc-
tion of mortality rate with the estimated absolute reduc-
tion rate in seven randomized controlled trials of breast-
cancer screening. They found that the overall relative

Relative reduction

IO. oT patents
that need to be
screened to save

Study of mortality, % one life
Health Insurance
Plan of Greater
New York47 32.0 > 3 000

Twocounties" 40.0 >5 000

Edinburgh"9 20.0 > 12 000

Malmo'0 21.0 >41000
Canadian
National Breast
Screening Study5" 2.5 > 100 000
*Adapted from Liddell.'

reduction of mortality rate varied between 15% and
30%. In absolute terms, this meant that two to four
deaths from breast cancer were prevented among 1000
women screened regularly over 10 years, yielding an ab-
solute reduction of mortality rate of 0.2% to 0.4%. Of
these seven studies, proof of effectiveness reached statis-
tical significance in only three. Harris and Leininger also
calculated that, among women 50 to 70 years of age, the
number of mammograms required to save one life was
between 1700 and 5000.

SCREENING FOR OCCULT BLOOD IN THE STOOL
TO PREVENT COLON CANCER

Studies of colon-cancer detection through screening
for occult blood in the stool also show the striking dif-
ference between relative and absolute reduction of mor-
tality rates. In 1993 Mandel and associates`3 were the
first to report a statistically significant decrease in deaths
from colon cancer as the result of annual hemoccult test-
ing. In a cohort of patients who submitted six stool spec-
imens annually for 13 years, the rate of death from colon
cancer was 33% lower than that in controls; however,
this translated into an absolute reduction of mortality
rate of 0.3%.'3

CHOLESTEROL-LOWERING PROGRAMS

As all physicians know, lipid-lowering programs have
been shown to reduce the incidence of heart attacks.
However, scrutiny of the reported results shows how
large the benefit really is.

The Lipid Research Clinics Coronary Primary Pre-
vention Trial (LRC trial)53 was widely reported to show a
reduction in the incidence of fatal myocardial infarctions
of 24% (a relative reduction of mortality rate). The
study involved 3806 middle-aged men who had hyper-
cholesterolemia but had no known coronary artery dis-
ease. They were treated for 7 to 10 years with either
cholestyramine or a placebo. Among the 1906 men who
received cholestyramine, there were 30 deaths from
coronary artery disease, whereas in the placebo group of
1900 men, there were 38 such deaths. This difference of
eight deaths works out to the reported relative reduction
in death from coronary artery disease of 24%; in ab-
solute terms, 1.6% of men in the treated cohort died of
myocardial infarction, as did 2.0% of those in the
placebo group. The difference of 0.4% is the absolute
reduction of mortality rate. The number of men who
had to be treated to obtain this result was large. Over
the 7- to 10-year period there were eight fewer deaths
from coronary artery disease in the group taking
cholestyramine, which is approximately one death pre-
vented each year. This means that approximately 1900
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men had to be treated for 1 year to prevent one death.
Furthermore, there was no decrease in the total cohort
mortality rate in the group taking the drug.

The Helsinki Heart Study was hailed by many be-
cause it was reported to show a reduction in the inci-
dence of cardiac events of 34%.5 Like the LRC trial, it
involved middle-aged men with hypercholesterolemia
but with no known coronary artery disease. Over a 5-
year period, a cohort of 2051 men received gemfibrozil
and a control cohort of 2030 men received a placebo. At
the conclusion of the study, 56 men taking gemfibrozil
had had a cardiac event, as had 84 men in the control
group, yielding the widely reported relative reduction
rate of 34%. However, the absolute rate of difference in
cardiac events was 1.3%. If one analyses the report fur-
ther and looks for the effect of gemfibrozil on deaths
from cardiac events, the absolute difference was small;
there were 6 such deaths in the group receiving treat-
ment and 10 in the control group, for a relative reduc-
tion rate of 40% but an absolute reduction rate of only
0.2%.

The Helsinki Heart Study data may also be presented
on the basis of how many men had to be treated to pre-
vent a specific number of adverse cardiac events. Since
28 adverse events were prevented by treating 2051 men
for 5 years, approximately 5 events were prevented each
year. Therefore, in 1 year, 5 men benefitted from taking
gemfibrozil and 2046 did not. Another way of putting
this is that the number of men requiring treatment for 1
year to prevent one cardiac event was 410. If one looks
only at deaths from cardiac events, 2460 men would
have had to take gemfibrozil for 1 year in order to pre-
vent one such death. Even this small benefit is of ques-
tionable significance because there was no decrease in
the total cohort mortality rate.

The most recent report on the efficacy of treating
men who have no symptoms of heart disease with cho-
lesterol-lowering drugs is the pravastatin study con-
ducted in Scotland." In this study approximately 3300
men received 40 mg of pravastatin daily. Not only was
there a reduction in nonfatal and fatal myocardial infarc-
tions in the group receiving treatment, but, for the first
time, there was a documented decrease in the total co-
hort mortality rate in a group of men with hypercholes-
terolemia but no symptoms who were taking choles-
terol-lowering drugs. The figures presented were a
relative reduction of 31% in the rate of definite nonfatal
and fatal myocardial infarctions and a 22% relative re-
duction in the rate of death from all causes in the cohort
receiving treatment. However, a careful reading of the
text reveals that the absolute reduction of definite nonfa-
tal and fatal myocardial infarctions was 2.4% and that
more than 200 men had to be treated for 1 year to pre-
vent one such adverse event. The absolute reduction of

mortality rate in the total cohort was 0.9%, and the
treatment of 555 men for 1 year was required to prevent
one death.

The absolute reduction rates from these studies, as
well as the number of patients that need to be treated to
prevent one adverse event, reinforce Rose's56 statement
of a decade ago that the expectation of benefit for any
one person participating in a preventive program is low
and that, therefore, the benefit may easily be out-
weighed by the risks involved.

CONCLUSION

Attempting to measure the benefits of preventive pro-
grams is often difficult, particularly if the reporting
methods used are relative reduction of morbidity or
mortality rates. Even when absolute reduction of mor-
bidity or mortality rates, or numbers of patients that
need to be treated, are given, the clinical importance of
the benefits may still be unclear. Some of the reasons for
this will be reviewed in the next article in this series (to
appear in the June 15 issue), which will discuss 10 pit-
falls in describing benefits (other than the reporting
methods discussed in this article) that may confuse read-
ers of the literature on prevention.
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235-5451; CCHSE@hpb.hwc.ca

June 3-4, 1996: Leading Edge Disability Man-
agement: a Comprehensive Forum for Disabil-
ity Management Strategies and Solutions

Vancouver
(also being held in Toronto May 27-28,

1996)
Institute for International Research,

1101-60 Bloor St. W, Toronto ON M4W 3B8; tel
416 928-1078, fax 416 928-9613

June 3-7, 1996: Ontario Health Promotion
Summer School - Health Promotion: New
Agenda, New Partnerships (coordinated by the
Centre for Health Promotion)

Toronto
Health Promotion Summer School, Addiction

Research Foundation Training and Education,
fax 416 595-6644

June 6-8, 1996: North American Stroke Meet-
ing (cosponsored by the Canadian Stroke So-
ciety and the Mexican Academy of Neurology)

Colorado Springs, Colo.
Thelma Edwards, director of program devel-

opment, National Stroke Association, 1000-
8480 E Orchard Rd., Englewood CO 80111-
5015; tel 303 771-1700, ext. 20, fax 303 771-
1886

June 6-8, 1996: Quality of Life: an Interna-
tional Conference for Families and Profes-
sionals on Developmental and Related Disabil-
ities

Toronto
Quality of Life Conference-Surrey Place

Centre, c/o Continuing Medical Education, Uni-
versity of Toronto, Faculty of Medicine, Rm. 121,
150 College St., Toronto ON M5S 1A8; tel 416
978-2719, fax 416 971-2200; a.lind@utoronto.
ca

June 6-9, 1996: General Practice Psycho-
therapy Association 9th Annual Educational
Conference: Developing Psychotherapy Skills
for Use in General Practice

Mississauga, Ont.
Dr. Greg Dubord, chairman, 1996 General

Practice Psychotherapy Association Educational
Conference, PO Box 225, First Canadian Place,
Toronto ON M5X lB5; tel 416 391-4040, fax
416 203-6585

June 8-11, 1996: American Diabetes Associa-
tion 56th Annual Meeting and Scientific Ses-
sions

San Francisco
Meeting Services Department, American Dia-

betes Association, 1660 Duke St., Alexandria VA
22314; tel 800 232-3472, ext 2453 or 2330; fax
703 683-1351; meetings@diabetes.org

June 8-12, 1996: American Association for
Cancer Research Special Conference in Can-
cer Research - Inducible Genomic Re-
sponses

Stevenson, Wash.
Special Conference Registration, American

Association for Cancer Research, Ste. 816, Pub-
lic Ledger Building, 150 S Independence Mall W,
Philadelphia PA 19106-3483; tel 215 440-
9300, fax 215 440-9313
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