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ANALYSIS OF PROBABILITY AS AN Am IN THE CLINICAL DIAGNOSIS
OF CORONARY -ARTERY DISEASE

GEORGE A. DIAMOND, M.D., AND JAMES S. FORRESTER, M.D.

Abstract The diagnosis of coronary-artery disease this information, test results can be analyzed by use of
has become increasingly complex. Many differ- Bayes' theorem of conditional probability.
ent results, obtained from tests with substantial This approach has several advantages. It pools
imperfections, must be integrated into a diagnostic the diagnostic experience of many physicians and
conclusion about the probability of disease in a given integrates fundamental pretest clinical descriptors
patient. with many varying test results to summarize repro-

To approach this problem in a practical manner, we ducibly and meaningfully the probability of angio-
reviewed the literature to estima~e the pretest likeli- graphic coronary-artery disease. This approach
hood of disease (defined by age, sex and symptoms) also aids, but does not replace, the physician's
and the sensitivity and specificity of four diagnostic judgment and may assist in decisions on cost ef-
tests: stress electrocardiographY, cardiokymography, fectiveness of tests. (N Engl J Med 300:1350-1358,
thallium scintigraphy and cardiac fluoroscopy. With 1979)

the Appendix. An essential concept of noninvasive di-
agnostic tests, therefore, is that in a person with a low
pretest probability of disease, a positive result has a
low predictive accuracy. In contrast, the identical
positive result in a person with a 5Q per cent pretest
likelihood yields a 88 per cent post-test likelihood of
disease. In a patient with an intermediate pretest
likelihood, therefore, a positive result indicates a sub-
stantial likelihood of disease.

Just as a positive result determines a new probabil-
ity of disease, so does a negative result.9 In the two ex-
amples described above, negative results reduce the
likelihood of disease .from 5 to 2 per cent and from 50
to 25 per cent, respectively. If the pretest likelihood of
disease and the sensitivity and specificity of the test
are known, it is possible to quantify the likelihood of
disease in any patient. In the next section, we will
review studies on the prevalence of coronary-artery
disease (defined as n.arrowing of the diameter of at
least one major artery by more than 50 per cent) in
readily identifiable subgroups of patients and the sen-
sitivity and specificity of diagnostic tests used to detect
such disease. After providing specific estimates of
sensitivity, specificity and prevalence, we describe
how diagnostic tests modify the clinical estimate of
disease likelihood. Review of the literature is un-
avoidably biased in several respects. All data on sen-
sitivity and specificity were derived from selected
groups of patients studied by means of coronary angi-
ography. Some authors did not report distributions of
their patients according to age and sex; whereas
others showed a biased selection of male patients.
Moreover, there has been a lack of uniformity in the
way symptoms were classified and how coronary-
-artery disease was documented. The use of autopsy
data, in particular, to estimate the average preva-
lence of coronary-artery disease has several well
recognized limitations. I] Because of possible method-

ologic bias, the review of the literature was inten-
tionally unselective, and the data were pooled, rather
than averaged, to account for differences in method-
ology and to provide a closer approximation of true
population means. I. Nevertheless, the data presented
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T HE diagnosis of coronary-artery disease on the
basis of history and physical examination alone

is often difficult. Many sophisticated tests have thus
..been developed to allow an early and more accurate

diagnosis. Although many tests are now firmly es-
tablished in clinical practice, none is particularly
suited to wide-scale, cost-effective application, 1 be-

calise each has limitations concerning sensitivity and
specificity. Thus, when a positive test result occurs in
a patient with a low likelihood of disease, it is of
limited diagnostic importance.2-4 A "positive" elec-
trocardiographic stress test in an asymptomatic
patient, for example, has a predictive accuracy of only
30 per cent for the presence of angiographic coro-
nary-artery disease.3.5.6

Because many tests can be used to diagnose coro-
nary-artery disea~e,7.8 the physician must decide on
their optimum use. This article, therefore, has two
pU'rposes. First of all, it describes how the probability
of coronary-artery disease can be determined in a
given patient before testing from information readily
obtainable by clinical evaluation. Secondly, it de-
scribes a method by which the results of different non-
invasive diagnostic tests can be integrated into a
quantitative statement of the post-test probability of
coronary-ar1;ery disease.

The methods are based on concepts included in
Bayes' theorem of conditional probability, the subject
of a continuing dialogue in the Journal.9-12 Thus,
although it is now well recognized that sensitivity and
specificity define the quality of the test, the result can':
hot be satisfactorily interpreted without additional
knowledge of the prevalence of disease in a given pop,:
ulation.12 For example, if a test with a 70 per cent sen-
sitivity and 90 per. cent specificity is "positive" in a
patient with a 5 per cent pretest likelihood of disease,
the likelihood of disease after testing is only 27 per
cent. The steps in this simple calculation are given in
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From the Division of Cardiology, Cedars-Sinai Medical Center, and the
Department of Medicine, University of California, Los Angeles, Medical
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Table 2. Prevalence of Coronary-Artery Stenosis at Autopsy.

AGE

YR

MEN WOMEN

PROPORnON
AFPECTED

PROPORTION
AFFECI"ED% SEP*

(%)

1.9:1:0.3
5.5:1:0.3
9.7:1:0.4

12.3:1:0.5

,l,SEP
(%)

0.3:1:0.1
1.0:1:0.2
3.2:1:0.4
7.5:1:0.6

in the tables should not be considered as absolute
standards but, rather, as preliminary estimates that
will require modification as more precise data become
available.

CHARACTERIZATION CiF THE PRETEST LIKELIHOOD OF

CORONARY-ARTERY DISEASE 30-39 57/2,954
40-49 234/4,407
50-59 488/5,011
60-69 569/4,641

Totals 1,348/17,013
Population-weighted meant

5/1,545
18/1,778
62/1,934

130/1,726

215/6,983
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6.4:1:0.2 2.6:!:O.2

'Standard eTTor of the per cent (see the Appendix).

tPopuiation weighting was performed by use of the 1970 U.S. Census figures.
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Symptoms

The prevalence of coronary-artery disease varies
widely in specifically defined subgroups of adults.
Table 1 summarizes the prevalence of angiographi-
cally confirmed coronary-artery disease in 4952
patients described as having "typical angina," "atyp-
ical angina" and "nonanginal chest pain. "15-32 The
prevalence of disease in persons with typical angina is
about 90 per cent, whereas atypical angina shows a 50
per cent prevalence (P<O.OOl) and nonanginal chest
pain a 16 per cent prevalence (P<O.OOl).

Estimation of prevalence in asymptomatic persons
.!I is less reliable. Far fewer angiographic studies have

been performed in such patients, and those studied by
use of angiography may not truly represent the total
group of patients. However, some authors have
prfJ/ided insight into the prevalence of such disease in
asymptomatic persons. Gensini and Kelly reported
that the prevalence of coronary-artery disease was 4.5
per cent in patients receiving cardiac catheterization
for reasons other than chest pain,33 whereas Erikssen
et al. observed a prevalence of 3.4 per cent in asymp-
tomatic men screened by means of a historical
questionnaire and exercise testing.3. These data sug-
gest that the prevalence of coronary-artery disease in
asymptomatic adults is about 4 per cent.

Ag, and Sex

Several pathological studies have defined the
prevalence of atherosclerotic disease in the adult
United States' population. 35-41 A few studies were per-
formed only in persons not known to have coronary-
artery disease before death, such as those dying of
trauma or other unrelated conditions. These studies
thus provide information on the prevalence.of disease
in asymptomatic persons. Table 2 summarizes path-
ological data obtained from 23,996 persons at autop-
sy. The mean prevalence of coronary-artery disease in
these studies was 4.5 per cent. The prevalence of dis-
ease observed at autopsy is therefore similar to that
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