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Correlation of Type and Extent of Atherosclerosis
in Aorta and Coronary Arteries Obtained at Autopsy

The Search for Predictors of Coronary Stenosis
and Myocardial Infarction *

NILS H. STERNBY,' RUDOLF VANIEK,2 ANATOLI VIHERT,3
AUDREY KAGAN ' & KAZUO UEMURA

In the course of a research project on atherosclerosis, an international group ofpatho-
logists studied lesions in the aorta and coronary arteries obtained at autopsy from 3174
subjects from Czechoslovakia, Sweden and the USSR in an effort to determine what
factors, recognizable in life, might be used to predict the presence of coronary stenosis or
myocardial infarction.

Corrected correlation coefficients have been calculatedfor 406pairs offactors represent-
ing the types and site of lesions in a subject. Some 31 pairs offactors have been found to
correlate highly, and the optimal discrimination between those who hadandhad not coronary
stenosis or myocardial infarction was given by a combination of calcification in the left
anterior descending coronary artery, heart weight and age. On the other hand, subcutaneous
fat thickness was not associated with stenosis or infarction, and calcification in the aorta
and height contributed little to the prediction of these conditions.

This is the third paper in a series on atherosclerosis
prepared by an international group of research
workers co-ordinated by the World Health Organiza-
tion. The first paper (Kagan & Uemura, 1962)
indicated how methods for assessing atherosclerosis
in aorta and coronary arteries at autopsy were tested
and a suitable method identified. The second paper
(Uemura et al., 1964) indicated how the chosen
method was applied to the study of autopsy material
from nearly all deaths occurring in several com-
munities. It set out the way in which the method is
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applied, the definitions of terms used ana now the
material is obtained, processed and graded. It also
showed the quality-control tests that are included
to ensure that standards of assessment are main-
tained and so that, in certain circumstances, results
may be corrected for observer variation. The
discriminatory power of the method based upon
material from the first 3000 or so subjects analysed
was reported.

This is an interim report based on material from
the first 3174 subjects. It shows the relationship of
one kind of atherosclerotic lesion to another in
subjects of different ages and different sex and
according to three broad causes of death. It is
hoped that out of this may emerge the recognition
of one or more factors, recognizable in life, which
could be used to predict the presence of coronary
stenosis or myocardial infarction.

METHODS AND MATERIAL

The definitions, criteria, methods of procedure
and particulars of additional (basic) information
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collected have been detailed in a standard operating
protocol (Uemura et al., 1964). Here we briefly
recall that atherosclerosis is assessed as total amount,
fatty streak, fibrous plaque, complicated lesion,
calcified lesion, and-in the case of the coronary
arteries-stenosis. The arteries studied were the
descending thoracic aorta, the abdominal aorta, the
right coronary, the left anterior descending coronary
and the left circumflex coronary. Definitions of all
these are given in the standard operating protocol
(Uemura et al., 1964). Information obtained inde-
pendently of the assessment of atherosclerosis was
also available on age, sex, broad cause of death,
presence or absence of the clinical diagnosis of
ischaemic heart disease, pathologist's diagnosis of
coronary occlusion and large myocardial scar or
fresh infarct. Definitions of all these factors are also
given in the standard operating protocol.
Autopsy material was obtained from 80 % of aU

deaths occurring in Malm6, Sweden; 70% of all
deaths occurring in Prague, Area II, Czechoslovakia;
70% of all deaths occurring in Ryazan and Tartu,
USSR, up to the age of 59; 80% of all deaths
occurring in Tallin, USSR, up to the age of 59;
and 75% of all deaths occurring in Yalta, USSR,
up to the age of 69. This was prepared according
to the standard operating protocol and sent, with an
identifying number, to the WHO Atherosclerosis
Pathology Laboratory 1 for preparation as described
in the standard operating protocol.
Other data were recorded on specially provided

basic data forms (see Uemura et al., 1964, Fig. 11,
page 315) and sent to the Cardiovascular Diseases
unit, World Health Organization, Geneva.
As soon as sufficient prepared specimens had

accumulated, arrangements were made for grading.
On these occasions the specimens, identified only by
a number, were allocated to the graders by the
statistician so that an equal proportion of specimens
from all sources was seen by each grader.

Repeatability and " quality-control " tests were
carried out during each period and subperiod of
grading.
The procedure and results relevant to the first four

grading sessions-constituting the greater part of the
material discussed in this paper-have been pub-
lished (Uemura et al., 1964). They were similar in
the material at subsequent grading sessions, some
of which is included in this study.

XUniversity Department of Pathology, Allmainna
sjukhuset, Malmo, Sweden.

Material deficient in quality or quantity or relevant
basic information has been excluded. It will be
referred to in subsequent analyses of the total
material. In a study of the relationship of lesions in
the same and different arteries in the same subject
the exclusion is not likely to affect the results.

Altogether material from 3174 subjects was
studied. Table 1 shows the distribution by age, sex
and source. 1794 subjects were male and 1380 were
female. 1308 were from Malm6, 367 from Prague,
and 1499 from the four Soviet towns taken together.
There were more than 50 men or women in each
five-year age-group from 50 to 89 years providing
the sources were pooled, and 2426 of the subjects
were in this age-group. 707 subjects were less than
50 years old.
Both parts of the aorta of each individual are pre-

sented in one bag and the three coronary arteries of
each individual are together in another bag. In the
ordinary course of events the same observer would
examine the aorta parts and coronary arteries of the
same subject in about 20% of cases. In this study
we wished to remove inter-observer variation between
aorta and coronary grading in a large number of
instances. The statistician therefore increased the
number of cases in which the same observer graded
aorta and coronary arteries of the same subject,
but without informing the graders. Thus for 2046
subjects the aorta parts and coronary arteries of the
same subject were graded by the same observer,
and for 1128 subjects aorta parts and coronary
arteries of the same subject were graded by different
observers. Results have been analysed separately
for the two groups.
Grading of the amount of the different types of

lesion was effected as described in the standard
operating protocol (Uemura et al., 1964). For each
artery and aorta part the total surface area affected
by any kind of atherosclerosis (total amount of
atherosclerosis) was assessed as a percentage of the
total intimal surface. The area affected by each of
fatty streak, fibrous plaque, complicated lesion and
calcified lesion was at first assessed as a proportion of
the total amount of atherosclerosis. Before comput-
ing the results calculations were made to transfer the
latter figure into a percentage of total intimal surface
involved by the different types of lesion. Subse-
quently, the extent of the different types of lesion
was assessed directly as a proportion of the whole
surface.

Correlations and partial correlations allowing
for age were calculated between pairs of the following
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TABLE I

NUMBER OF SUBJECTS BY AGE, SEX AND PLACE

Age Sex [ Malmo ] Prague Ryazan a [ Yalta Tallin a f Tartu a Total

M - - 4 1 6 3 14
10-14 F 2 - 2 - 2 - 6

M+F 2 - 6 1 8 3 20

M 2 - 8 2 12 4 28
15-19 F - - 7 - 2 1 10

M+F 2 - 15 2 14 5 38

M 2 1 13 3 25 8 52
20-24 F - 2 8 2 5 3 20

M+F 2 3 21 5 30 11 72

M 3 1 16 7 22 9 58
25-29 F 4 - 2 8 7 3 24

M+F 7 1 18 15 29 12 82

M 1 1 32 12 33 8 87
30-34 F 3 2 10 3 4 4 26

M+F 4 3 42 15 37 12 113

M 6 3 37 18 21 7 92
35-39 F 2 - 14 10 12 6 44

M+F 8 3 51 28 33 13 136

M 12 1 18 12 24 7 74
40-44 F 6 2 3 2 9 9 31

M+F 18 3 21 14 33 16 105

M 14 8 23 16 23 8 92
45-49 F 17 - 9 12 8 3 49

M+F 31 8 32 28 31 11 141

M 22 5 39 15 44 13 138
50-54 F 17 4 15 17 24 7 84

M+F 39 9 54 32 68 20 222

M 44 20 31 8 42 10 155
55-59 F 37 12 15 13 28 6 111

M+F 81 32 46 21 70 16 266

M 83 26 12 8 37 22 188
60-64 F 54 16 4 13 45 10 142

M+F 137 42 16 21 82 32 330

M 104 30 14 16 28 10 202
65-69 F 78 28 6 13 31 10 166

M+F 182 58 20 29 59 20 368

M 120 32 11 9 32 13 217
70-74 F 109 32 9 9 29 7 195

M+F 229 64 20 18 61 20 412

M 140 26 6 6 27 5 210
75-79 F 118 45 7 6 31 4 211

M+F 258 71 13 12 58 9 421

M 72 18 2 2 16 2 112
80-84 F 94 24 4 7 14 1 144

M+F 166 42 6 9 30 3 256

M 50 5 2 2 2 2 63
85-89 F 64 17 1 2 4 - 88

M+F 114 22 3 4 6 2 151

M 11 1 - - - - 12
90-94 F 14 3 _ _ 6 1 24

M+F 25 4 _ _ 6 1 36

M _ _
- - -

_ _
95-99 F 3 2 _ -_ _ 5

M+F 3 2 - - - - 5

M 686 178 268 137 394 131 1794
Total F 622 189 116 117 261 75 1380

M+F 1308 367 384 254 655 206 3174

a Includes autopsy of young subjects from rural areas.
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factors, which are defined in the standard operating
protocol:

Atherosclerosis:

Type of lesion and amount:
Total amount of atherosclerosis
Fatty streak
Fibrous plaque
Complicated lesion
Calcified lesion
Stenosis of specified coronary arteries
Stenosis in any of three coronary arteries

Site of lesion:
Descending thoracic aorta
Abdominal aorta
Right coronary artery
Left anterior descending coronary artery
Left circumflex coronary artery

This gives 29 factors to be correlated with each
other.
While the amount of atherosclerotic lesion was

assessed as a percentage of surface area, on an
interval scale, stenosis was assessed as present or
absent. In order to compute the correlation coeffi-
cients, presence of stenosis was assigned the value 1
and absence the value 0.

Since the total amount of atherosclerosis and the
severer types of lesion generally increase with age,
some degree of correlation would be observed
between lesions in the same or different arteries
when dealing with material collected from subjects
with a wide age range. This effect was reduced by
computing partial correlation coefficients.

RESULTS

Correlation of extent of different types of atheroscle-
rotic lesion in the same and different arteries of the
same subject
Table 2 is based on data from 3174 subjects and

shows the correlations, and partial correlations with
age removed, between these factors. The correlations
above the diagonal are without the effect of age
removed and the correlations below the diagonal
are those with the effect of age removed.

Table 3 shows the variables that correlate highly.
The first group shows six pairs that correlate

between 0.447 and 0.548.1 The variables all relate
to coronary arteries (either to total amount, to
fibrous plaque, or to fatty streak) and are concerned
with the relationship of these factors in one coronary
artery and another.
The next group of 17 pairs of factors correlate

between 0.548 and 0.632. This gives a prediction of
one factor to the other of between 300% and 40%.
The factors are either within or between parts of the
aorta or within and between parts of the coronary
arteries. They are not between aorta and coronary
artery.
The third group is of three pairs of factors which

correlate between 0.632 and 0.707. This gives a
prediction of one factor to the other of between 40%
and 500%. The factors are between one coronary
artery and another and relate to calcification.
The fourth group consists of two pairs of factors

1 Since the correlation coefficient, when squared, indicates
that proportion of the total variation associated with one
factor which can be reduced by knowledge of the values of
the other factor, this gives a prediction of one factor to the
other of between 20 % and 30 %.

Key to code numbers of variables in Table 2

1. Total amount in descending thoracic aorta (Tot ADT).
2. Fafty streak in descending thoracic aorta (Fat ADT).
3. Fibrous plaque in descending thoracic aorta (Fib ADT).
4. Complicated lesion in descending thoracic aorta (Comp

ADT).
5. Calcified lesion in descending thoracic aorta (Calc ADT)-
6. Total amount in abdominal aorta (Tot AA).
7. Fafty streak in abdominal aorta (Fat AA).
8. Fibrous plaque in abdominal aorta (Fib AA).
9. Complicated lesion In abdominal aorta (Comp AA).

10. Calcified lesion in abdominal aorta (Calc AA).
11. Stenosis in right coronary artery (Sten CR).
12. Total amount in right coronary artery (Tot CR).
13. Fafty streak in right coronary artery (Fat CR).
14. Fibrous plaque in right coronary artery (Fib CR).
15. Complicated lesion in right coronary artery (Comp CR).
16. Calcified lesion in right coronary artery (Calc CR).

17. Stenosis in left anterior descending coronary artery (Sten
CLAD).

18. Total amount in left anterior descending coronary artery
(Tot CLAD).

19. Fafty streak in left anterior descending coronary artery
(Fat CLAD).

20. Fibrous plaque in left anterior descending coronary artery
(Fib CLAD).

21. Complicated lesion in left anterior descending coronary
artery (Comp CLAD).

22. Calcified lesion in left anterior descending coronary artery
(Calc CLAD).

23. Stenosis in left circumflex coronary artery (Sten CLC).
24. Total amount in left circumflex coronary artery (Tot CLC).
25. Fatty streak in left circumflex coronary artery (Fat CLC).
26. Fibrous plaque in left circumflex coronary artery (Fib CLC).
27. Complicated lesion in left circumflex coronary artery

(Comp CLC).
28. Calcified lesion in left circumflex coronary artery (Calc

CLC).
29. Stenosis in an y coronary artery (Sten C).
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TABLE 3
HIGH CORRELATES:

PAIRS OF VARIABLES FOR WHICH THE PARTIAL
CORRELATION COEFFICIENT ELIMINATING AGE

EXCEEDS 0.447 (r2 >0.20) a

Correlation coefficients ] Variables

Group 1: 12. Tot CR x20. Fib CLAD
0.447 <frI <0.548
(0.20 <r2<0.30) 12. Tot CR x26. Fib CLC

13. Fat CR x19. Fat CLAD

13. Fat CR x25. Fat CLC

19. Fat CLAD x 25. Fat CLC

20. Fib CLAD x24. Tot CLC

Group II: 6. Tot AA x8. Fib AA
0.548 <Irl <0.632 2. Fat ADT x 7. Fat AA

3. Fib ADT x6. Tot AA

3. Fib ADT x8. Fib AA

4. Comp ADT x9. Comp AA

5. Calc ADT x1O. Calc AA

11. Sten CR x29. Sten C

12. Tot CR x18. Tot CLAD

12. Tot CR x24. Tot CLC

14. Fib CR x18. Tot CLAD

14. Fib CR x20. Fib CLAD

14. Fib CR x24. Tot CLC

14. Fib CR x26. Fib CLC

18. Tot CLAD x24. tot CLC

18. Tot CLAD x26. Fib CLC

20. Fib CLAD x26. Fib CLC

23. Sten CLC x29. Sten C

Group III: 16. Calc CR x22. Catc CLAD
0.632 <'r' <0.707 16. Calc CR x28. Calc CLC

22. Calc CLAD x28. Calc CLC

Group IV: 1. Tot ADT x3. Fib ADT
0.707 <Irl <0.775
(0.50 <r2 <0.60) 1. Tot ADT x 6. Tot AA

Group V: 18. Tot CLAD x20. Fib CLAD
0.775 <frl <0.837
(0.60 <r2 <0.70)

Group VI: 12. Tot CR x14. Fib CR

0.870 <rl <0.80) 17. Sten CLAD x29. Sten C

24. Tot CLC x26. Fib CLC

a Based on 3174 subjects.
b See keys to Tables 2 and 8.

which correlate between 0.707 and 0.775. This gives
a prediction of one to the other between 50% and
60 %. They relate total amount of atherosclerosis of
the thoracic aorta to fibrous plaque of the thoracic
aorta and to total amount of the abdominal aorta.
The fifth group relates to a single pair of factors

which correlate between 0.775 and 0.837. This gives a
prediction of one to the other of between 60% and
70 %. The factors are total amount of atherosclerosis
in the left anterior descending coronary artery and
fibrous plaque in the same artery.
The final group of three pairs of factors has a

correlation between 0.837 and 0.894, i.e., a prediction
of between 70% and 80% from one to the other of
each pair. These pairs relate to the coronary arteries
and show the high correlation between total amount
of atherosclerosis and fibrous plaque in the right
coronary artery, stenosis in the left anterior descend-
ing and stenosis in any coronary artery, total
amount of atherosclerosis and fibrous plaque in the
left circumflex coronary artery.
Note that coronary-coronary correlations and

aorta-aorta correlations were often high while aorta-
coronary correlations were relatively low.

Differences in correlations between male and female
The correlation coefficients were computed separ-

ately for 1794 males and 1380 females.
Table 4 shows five pairs of factors out of a possible

406 comparisons in which the correlation is increased
in one as compared with the other, the difference
giving an increase of at least 10% in predictive
power. Four of the five correlations show higher
correlations in males than in females. These are

TABLE 4
PAIRS OF VARIABLES FOR WHICH THE PARTIAL

CORRELATION COEFFICIENT ELIMINATING AGE DIFFERS
BETWEEN MALES AND FEMALES a

Correlation coefficients
Variables

Male Female

1. Tot ADT x 3. Fib ADT 0.810 0.730

6. Tot AA x 8. Fib AA 0.657 0.567

1. Tot ADT x 9. Comp AA 0.346 0.217

2. Fat ADT x 7. Fat AA 0.628 0.526

16. Calc CR x 22. Calc CLAD 0.613 0.691

a Difference in r' exceeds 0.1.
b See keys to Tables 2 and 8.
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TABLE 5
PAIRS OF VARIABLES FOR WHICH THE PARTIAL CORRELATION COEFFICIENT

ELIMINATING AGE DIFFERS BETWEEN DIAGNOSTIC GROUPS a

Correlation coefficients
Variables b Diagnostic Diagnostic Diagnostic

group 1 C group 2 d group 3 6

2. Fat ADT x 7. Fat AA 0.509 0.531 0.612

4. Comp ADT x9. Comp AA 0.506 0.669 0.530

5. Calc ADT x 10. Calc AA 0.490 0.579 0.636

1. Tot ADT x3. Fib ADT 0.820 0.782 0.719

4. Comp ADT x15. Comp CR 0.041 0.346 0.091

15. Comp CR x2l. Comp CLAD 0.184 0.222 0.468

15. Comp CR x27. Comp CLC 0.046 0.321 0.490

21. Comp CLAD x27. Comp CLC 0.143 0.184 0.552

16. Calc CR x22. Calc CLAD 0.673 0.603 0.555

22. Calc CLAD x28& Calc CLC 0.639 0.719 0.607

17. Sten CLAD x29. Sten C 0.792 0.859 0.858

12. Tot CR x14. Fib CR 0.804 0.869 0.860

18. Tot CLAD x20. Fib CLAD 0.712 0.831 0.858

24. Tot CLC x26. Fib CLC 0.821 0.901 0.867

12. Tot CR x 20. Fib CLAD 0.326 0.480 0.497

14. Fib CR x18. Tot CLAD 0.447 0.545 0.556

20. Fib CLAD x24. Tot CLC 0.388 0.515 0.477

a Difference in rt exceeds 0.1.
b See keys to Tables 2 and 8.
c Myocardial infarction found at autopsy: 952 cases.
d Myocardial infarction not found at autopsy; cerebrovascular accident, hypertension, diabetes

or atherosclerotic disease diagnosed: 720 cases.
c Not in group I or 2: 1502 cases.

total amount of atherosclerosis and fibrous plaque
in the thoracic aorta, total amount of atherosclerosis
and fibrous plaque in the abdominal aorta, total
amount of atherosclerosis in the thoracic aorta and
complication in the abdominal aorta, fatty streak
in the thoracic aorta and fatty streak in the abdominal
aorta. The fifth pair, which correlates more highly
in females than in males, relates to calcification in the
right coronary with calcification in the left anterior
descending coronary.
For all other pairs of factors, the difference in

correlation between the two sexes was negligible.
Correlations in the different diagnostic groups

Table 5 lists 17 pairs of correlations out of a
possible 406 comparisons in which there is a differ-
ence greater than 10% in predictive power in one

diagnostic group compared with another. The
diagnoses are based on autopsy findings and the
groups are:
(1) 952 cases in which myocardial infarction was
found;
(2) 720 cases, not in group 1, but in which cerebro-
vascular accident, hypertension, diabetes, or athero-
sclerotic disease occurred;
(3) 1502 cases not in group 1 or 2.
Of these 17 pairs of factors only two correlate

more highly in the deaths in which myocardial
infarction was found than in the others. These are
total amount of atherosclerosis and fibrous plaque in
the thoracic aorta, and calcification in the right
coronary and in the left anterior descending coronary.
All the pairs of factor except one are either correla-
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tions between aorta and aorta or correlations be-
tween coronary artery and coronary artery. The one

exception-complicated lesions in thoracic aorta and
complicated lesions in the right circumflex corona-
ry-shows negligibly low correlation in diagnostic
groups 1 and 3 but a higher correlation in diagnostic
group 2.

DISCUSSION

Correlation between the different lesions in the different
arteries
Table 2 shows that correlations between lesions

in the thoracic and abdominal aorta are often high,
and so are correlations between lesions in the
coronary arteries, but correlations between lesions
in the aorta and lesions in the coronary artery are

lower. Many of the latter are significantly different
from zero. Nevertheless, the prediction of a lesion
in the coronary artery from a knowledge of the
lesion in the aorta and vice versa is at best less
than 10%. The highest correlations between aorta
and coronary artery are shown in Table 6.
The accuracy of the correlation coefficients com-

puted in the present study could be affected by the
following factors:

(a) Different observers sometimes assessing the
aorta and the coronary parts of the same subject,
thereby giving a different systematic bias (" between-
observer variation ").

(b) Bias due to the fact that the two parts of the
aorta of the same person were always in one bag and
therefore each part was in the observer's mind when
he assessed the other, and similarly the three coronary
arteries of the same subject were in the same bag and
assessed by the same observer at the same time while
the aorta and coronary arteries of the same subject
were in different bags and assessed on different occa-

sions. This we shall refer to shortly as "bag bias".
This factor could enhance coronary-coronary cor-

relations or aorta-aorta correlations but would not
affect aorta-coronary correlations.

(c) Lack of precision in the observations.
The effect of these factors has been assessed as

follows:
Between-observer variation. The material was

divided into two groups-group A of 2046 subjects
in which the aorta and the coronary arteries of the
same subject were examined by the same observer,
and group B of 1128 cases in which the aorta and the
coronary arteries of the same subject were examined
by different observers.

TABLE 6
HIGHEST CORRELATIONS OBTAINED

BETWEEN LESIONS IN AORTA AND LESIONS
IN CORONARY ARTERIES

Partial correlation coefficient
Variables a eliminating age

Uncorrected Corrected

Fib AA x Fib CLAD 0.305 0.355

Fib AA x Fib CR 0.304 0.345

Fib ADT x Fib CR 0.297 0.333

Tot AA x Tot CR 0.289 0.307

Fib AA x Fib CLC 0.289 0.326

Calc AA x Calc CLC 0.282 0.316

Calc AA x Calc CR 0.269 0.298

Tot AA x Tot CLC 0.262 0.279

Tot AA x Fib CR 0.260 0.285

Calc AA x Calc CLAD 0.258 0.294

Fib AA x Tot CR 0.255 0.280

Fib AA x Tot CLAD 0.251 0.282

Tot AA x Tot CLAD 0.249 0.270

Fib ADT x Fib CLC 0.248 0.276

Fib AA x Tot CLC 0.242 0.267

Tot ADT x Tot CR 0.234 0.249

Fib ADT xTot CLC 0.231 0.252

Tot ADT x Comp CR 0.226 0.248

Tot AA x Fib CLC 0.221 0.240

Comp AA x Sten CLC 0.216 0.258

Comp AA x Sten in any
coronary 0.215 0.254

a AA =Abdominal aorta. ADT=Descending thoracic
aorta. CLAD=Left anterior descending coronary. CLC=Left
circumflex coronary. CR=Right coronary. Tot=Total amount
of atherosclerosis. Fib=Fibrous plaque. Calc=Calcified
lesion. Comp=Complicated lesion. Sten=Stenosis.

The correlation coefficients between all possible
pairs of 29 factors were computed separately for each
of these two groups. Little or no difference was
found in the values of correlation coefficients between
the two groups. In no instance did the predictive
power, when the effect of age was eliminated, differ
by more than 10%.
Thus inter-observer variation has had little or no

effect on the computed correlation coefficients. In
Strong & McGill's (1963) data from 570 cases the
same examiner had examined aortas and coronary
arteries from the same subject and the results were
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TABLE 7
"BAG EFFECT " ON GRADING OF ATHEROSCLEROSIS:

CORRELATION BETWEEN MEASUREMENT VARIATIONS IN THE GRADING
OF DIFFERENT ANATOMICAL PARTS PLACED IN THE SAME BAG

Lesion f ADT and AAa CR and CLAD a f_CR and CLC a CLAD and CLC a

Total amount 0.45 0.27 0.12 0.10

Fatty streak 0.33 0.44 0.28 0.25

Fibrous plaque 0.24 0.39 0.20 0.16

Complicated 0.24 0.03 0.15 -0.28

Calcified 0.18 0.53 0.14 0.03

Stenosis | 0.00 | 0.08 T 0.16

Significant correlation coefficients:

At 5 % probability level: Irl 2 0.11 for aorta-aorta correlation
Irl 2 0.12 for coronary-coronary correlation

At 1 % probability level: Irl > 0.14 for aorta-aorta correlation
Irl > 0.16 for coronary-coronary correlation

a AA =Abdominal aorta. ADT = Descending thoracic aorta. CLAD =Left anterior descending
coronary. CLC=Left circumflex coronary. CR=Right coronary.

similar-high aorta-aorta and coronary-coronary
correlations, low aorta-coronary correlations. Thus
it seems that the results obtained cannot be explained
on the basis of different observers assessing aortas
and coronary arteries of the same subjects.

" Bag bias ". There is variation in the assessment
of atherosclerotic lesions when one observer grades
the same specimen more than once. This " intra-
observer" variation would be random if the two
observations are independent, i.e., the second
assessment is just as likely to be greater as smaller
than the first and so on.
On the other hand, if one artery shows gross

lesions the observer might be encouraged to over-
assess the lesions in another in the same bag and
vice versa. If such were the case, i.e., if " bag bias "
existed, we would expect that intra-observer variation
in the assessment in one vessel would move in the
same direction as intra-observer variation in assess-
ment of the lesions in another in the same bag.
Thus if " bag bias " existed and the observer's

second observation on total amount of athero-
sclerosis in a particular right coronary artery were
higher than his first, one would expect his second
observation on the left circumflex coronary artery
in the same bag to be higher than his first and vice
versa. From this it follows that if " bag bias "
exists we shall find a correlation between the intra-

observer variation in the different arteries in the
same bag. If no " bag bias " exists, the correlation
coefficients should be zero.

Table 7 shows that all aorta-aorta intra-observer
variation correlation coefficients are significantly
different from zero at the 1% probability level and
many of the coronary-coronary correlation coeffi-
cients are significantly different from zero at the
5% level. Thus " bag bias " exists and enhances
aorta-aorta correlation coefficients to some extent
and coronary-coronary correlation coefficients to a
lesser degree. The data obtained from the intra-
observer tests were used to correct the correlations
for " bag bias" (see below).
Lack of precision in observations. The lack of

precision in observations may have reduced the
correlation coefficients found. In this study steps
were taken to assess the lack of precision (Uemura
et al., 1964) and from this assessment, which was
incorporated into all grading sessions as a form of
quality control, it was possible to find a correction
factor.
The tendency on the whole was for imprecision to

decrease the correlation coefficients and thus correc-
tion for this tended to increase the coefficients.
The tendency for " bag bias " (see above) was to

enhance aorta-aorta and coronary-coronary correla-
tions without affecting aorta-coronary correlations.
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CORRELATION OF ATHEROSCLEROSIS IN AORTA AND CORONARY ARTERIES

Correction thus tended to decrease aorta-aorta and
coronary-coronary correlations.

Table 8 shows the correlations of the 29 factors
corrected for " bag bias " and " imprecision ".
Although a few pairs of factors show a lower
corrected value, the corrected coefficients for most
factors are greater than the uncorrected. The
mathematical formulae used for the computation of
corrected correlation coefficients are described in an
annex to this paper.

Table 9 shows the corrected high values and may
be compared with Table 3. Several pairs of factors
have been up-graded by one or more groups.

Table 6 shows the corrected and uncorrected values
for aorta-coronary correlations. The corrected
coefficients are greater than the uncorrected. Even
so, prediction of a lesion in the coronary artery from
a knowledge of the lesion in the aorta and vice versa
is at best 13 %, as indicated by the correlation
coefficients squared.

Differences in correlation between male and female
The instances in which the correlation coefficients

differed between male and female so that a prediction
factor differed by 10% or more were relatively
few (Table 4)-in fact, only five instances out of a
possible 406. Scrutiny of the nature of the factors
does not suggest any systematic difference.

Differences between disease groups
Examination of the 17 pairs of factors (Table 5) in

which there were differences of more than 10% in
the prediction factor between the three diagnostic
groups mentioned on page 747 does not reveal an
explanation. The pattern of correlations is the same
in all groups.

High correlations

Examination of Table 9 indicates that calcifica-
tion in one coronary artery and stenosis in one
coronary artery are highly correlated with calcifica-
tion or stenosis in another. Similarly, total amount
of coronary atherosclerosis correlated highly with
coronary fibrous plaque. It was hoped that some
index that could be assessed in life might be revealed
that would predict a lesion such as coronary stenosis
or myocardial infarction. Of the atherosclerotic
lesions assessed at autopsy, that which is most
likely to be assessable in life is calcification in the
abdominal aorta and calcification in the coronary
arteries. As already indicated, calcification of the
thoracic or abdominal aorta does not give a correla-
tion higher than 0.23 with stenosis in the coronary
artery. Calcification in the coronary arteries gives a
correlation of about 0.50 with stenosis. Statistically,
these correlations are, of course, significantly
different from zero, but their predictive value
(correlation coefficient squared) is 25% or less. It is
therefore desirable to seek better indicators and it
was wondered whether a combination of one or
more factors would give a better prediction of
coronary stenosis or myocardial infarction. The
criteria for examining factors that had been assessed
at autopsy were that there was a reasonable chance
that they could be translated into features that could
be assessed during life and that they were reasonably
precisely assessed at autopsy and appeared to have a
reasonably high correlation with stenosis or myo-
cardial infarction on their own. A measure of
obesity was added because of the popular belief in
its importance.
The following nine factors were chosen: cal-

Key to code numbers of variables in Table 8:
1. Total amount in descending thoracic aorta (Tot ADT).
2. Fatty streak in descending thoracic aorta (Fat ADT).
3. Fibrous plaque in descending thoracic aorta (Fib ADT).
4. Complicated lesion in descending thoracic aorta (Comp

ADT).
5. Calcified lesion in descending thoracic aorta (Calc ADT).
6. Total amount in abdominal aorta (Tot AA).
7. Fatty streak in abdominal aorta (Fat AA).
8. Fibrous plaque in abdominal aorta (Fib AA).
9. Complicated lesion in abdominal aorta (Comp AA).

10. Calcified lesion in abdominal aorta (Calc AA).
11. Stenosis in right coronary artery (Sten CR).
12. Total amount in right coronary artery (Tot CR).
13. Fatty streak in right coronary artery (Fat CR).
14. Fibrous plaque in right coronary artery (Fib CR).
15. Complicated lesion in right coronary artery (Comp CR).
16. Calcified lesion in right coronary artery (Calc CR).

17. Stenosis in left anterior descending coronary artery (Sten
CLAD).

18. Total amount in left anterior descending coronary artery
(Tot CLAD).

19. Fatty streak in left anterior descending coronary artery
(Fat CLAD).

20. Fibrous plaque in left anterior descending coronary artery
(Fib CLAD).

21. Complicated lesion in left anterior descending coronary
artery (Comp CLAD).

22. Calcified lesion in left anterior descending coronary artery
(Calc CLAD).

23. Stenosis in left circumflex coronary artery (Sten CLC).
24. Total amount in left circumflex coronary artery (Tot CLC)
25. Fatty streak in left circumflex coronary artery (Fat CLC).
26. Fibrous plaque in left circumflex coronary artery (Fib CLC).
27. Complicated lesion in left circumflex coronary artery

(Comp CLC).
28. Calcified lesion in left circumflex coronary artery (Calc

CLC).
29. Stenosis in any coronary artery (Sten C).
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TABLE 9

HIGH CORRELATES, CORRECTED: a
PAIRS OF VARIABLES FOR WHICH THE PARTIAL CORRELATION COEFFICIENT

ELIMINATING AGE EXCEEDS 0.447 (r2>0.20)

Correlation coefficients Variables b Change

Group l: 12. Tot CR x20. Fib CLAD
0.447 <IrI<0.548 17. Sten CLAD x22. Calc CLAD New
(0.20 <r' <0.30) 17. Sten CLAD x23. Sten CLC New

20. Fib CLAD x 24. Tot CLC
22. Calc CLAD x23. Sten CLC New
22. Calc CLAD x29. Sten C New
23. Sten CLC x28. Calc CLC New

Group II: 2. Fat ADT x7. Fat AA
0.548 <Ir<0.632 3. Fib ADT x6. Tot AA
(0.30 <r2 <0.40) 3. Fib ADT x8. Fib AA

4. Comp ADT x9. Comp AA
6. Tot AA x8. Fib AA

11. Sten CR x17. Sten. CLAD New
11. Sten CR x23. Sten CLC New
12. Tot CR x26. Fib CLC From Group I uncorrected
13. Fat CR x19. Fat CLAD From Group I uncorrected
13. Fat CR x25. Fat CLC From Group I uncorrected
14. Fib CR x18. Tot CLAD
14. Fib CR x2O. Fib CLAD
14. Fib CR x24. Tot CLC
18. Tot CLAD x26. Fib CLC
19. Fat CLAD x 25. Fat CLC From Group I uncorrected

Group III: 5. Calc ADT x10. Calc AA From Group II uncorrected
0.632 <Irl <0.707 11. Sten CR x29. Sten C From Group II uncorrected
(0.40 <r2 <0.50) 12. Tot CR x18. Tot CLAD From Group II uncorrected

12. Tot CR x24. Tot CLC From Group II uncorrected
14. Fib CR x26. Fib CLC From Group II uncorrected
16. Calc CR x22. Calc CLAD
18. Tot CLAD x24. Tot CLC From Group II uncorrected
20. Fib CLAD x26. Fib CLC From Group II uncorrected
23. Sten CLC x29. Sten C From Group II uncorrected

Group IV: 1. Tot ADT x6. Tot AA
0.707 <Irl <0.775 16. Calc CR x28. Calc CLC From Group III uncorrected
(0.50 <r' <0.60) 22. Calc CLAD x28. Calc CLC From Group III uncorrected

Group V: 1. Tot ADT x3. Fib ADT From Group IV uncorrected
0.775 <Irl <0.837 18. Tot CLAD x20. Fib CLAD
(0.60 <r2 <0.70)

Group VI: 12. Tot CR x14. Fib CR
0.837 <Irl <0.894 17. Sten CLAD x29. Sten C
(0.70 <r2 <0.80) 24. Tot CLC x26. Fib CLC

a Correlation coefficients corrected for measurement errors and " bag bias ". Compare with
Table 3.

b See keys to Tables 2 and 8.
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TABLE 10
DISCRIMINATORY POWER OF VARIABLES IN THE DIAGNOSIS OF CORONARY STENOSIS

Male Female

Variables Discrimin- Discrimin-
Index atory Index atory

power(A) power ()

Calciflcation In descending
thoracic aorta Xi 0.59 xi 0.76

Calciflcation In abdominal aorta x. 0.72 x 0.98
Calciflcation in right coronary x, 0.91 x. 0.99
Calciflcation In left anterior des-
cending coronary X4 1.19 X4 1.36

Calciflcation In left circumflex
coronary Xs 0.93 Xs 1.05

Age xs 1.00 xs 0.88
Height X7 0.01 XI 0.20
Fat xs 0.21 Xs 0.09
Heart weight x. 0.51 xs 0.35

Best 2 variables 0.0861x4 +0.0494xg 1.44 0.1050x4 +0.0452xe 1.53

Best 3 variables 0.0850x4 +0.0475x. +0.0034x. 1.49 0.0296xe +0.0973x4 +0.0338xe 1.59

0.0177xe +0.0127x2 +0.0171x. 0.0104xe +0.0256x2-0.001xOa
All 9 variables +0.0620X4 +0.0251xs +0.0436x. 1.55 +0.0846X4 +0.0239xs +0.0326x* 1.63

-0.0156x7 +0.0051xe +0.0034xe -0.0188x7 +0.0122xs +0.0015xe

TABLE 11
DISCRIMINATORY POWER OF VARIABLES IN THE DIAGNOSIS OF MYOCARDIAL INFARCTION

Male Female

Variables Discrimin- Discrimin-
Index atory Index atory

_power (A) power (A)

Calciflcation in descending
thoracic aorta Xi 0.22 Xi 0.39

Calcification In abdominal aorta X2 0.34 X2 0.48
Calciflcation in right coronary X3 0.59 X3 0.56
Calcification in left anterior des-
cending coronary X4 0.64 X4 0.74

Calcification in left circumflex
coronary Xs 0.59 Xs 0.58

Age Xs 0.59 Xs 0.62
Height X7 0.09 X7 0.05
Fat Xs 0.28 Xs 0.18
Heart weight X. 0.74 X. 0.67

Best 2 variables 0.0424X4 +0.0062xe 0.95 0.0505x4 +0.0060xg 0.97

Best 3 variables 0.0422xs +0.0240x. +0.0060x. 1.02 0.0430X4 +0.0258x. +0.0057xe 1.05

-0.0286xi -0.004OX2 +0.0207Xs -0.0027x: +0.0031x 2-0.001OXe
All 9 variables +0.0165X4 +0.0201xs +0.0235x, 1.07 +0.0379X4 +0.0086xs +0.0246xs 1.05

-0.0057x7 +0.0052X& +0.0059xo -0.0097X7+0.0033xs +0.0056Xe

2
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FIG. I
PROBABILITY OF MISCLASSIFICATION IN THE DIAGNOSIS OF CORONARY STENOSIS IN MALES

9
o

9I.

False-negatives (%) wt 5U35

cification in the thoracic aorta; calcification in the
abdominal aorta; calcification in the right coronary;
calcification in the left anterior descending coronary;
calcification in the left circumflex coronary; age of
the subject; height; fat as measured in the sub-
cutaneous tissue at a point half way between the
xiphisternum and the umbilicus; heart weight. Age,
height and heart weight were all reliable measures.
Weight of the body was excluded because very large
differences had been shown between the living
subject and the corpse.
The statistical technique of discriminatory analysis

was applied. By denoting the nine variables by
x1, x2, , xg and the weighting coefficients by
Cl, C2., cg, the discriminant function

Y = CIXI + C2X2 + . ±...+ C9X9

was computed by choosing the weight coefficients in
such a way that y would separate out the two
groups-i.e., the group of subjects with stenosis in

any coronary artery (or with myocardial infarction)
and the group of subjects without coronary stenosis
(or without myocardial infarction)-to a maximal
extent. Discriminant functions were computed also
from a smaller number of variables in order to study
whether some of the variables could be excluded
without serious loss of discriminatory power.

Analysis was made for males and females sepa-
rately.
The discriminatory power is measured by

YA - YB
SD(y)

where YA and YB are the means of y in the two
groups and SD (y) is the standard deviation of y
within a group.
The results are summarized in Table 10 for

coronary stenosis and Table 11 for myocardial
infarction. As seen from these tables the value of
a obtained from the combination of all the nine
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FIG. 2
PROBABILITY OF MISCLASSIFICATION IN THE DIAGNOSISIOF CORONARY STENOSIS IN FEMALES

variables was practically the same as that attained by
the best combination of three variables. In other
words, the other six variables did not contribute in
any significant manner to the information already
contained in the three variables.

Fig. 1-4 show the practical significance of these
findings. If one is prepared to accept 10% false-
negatives in the prediction of cases of myocardial
infarction in males on the basis of all of the variables
we have studied, then one would expect to find about
52% of false-positives. For coronary stenosis the
figure would be 36% of false-positives. With the
three variables (age, calcification of the left anterior
descending coronary artery and heart weight) the
figures would be much the same (55% and 37%
respectively).
Age is an important factor and it might be thought

that this contributes to most of the predictive power
of the variables. The "false-positive-false-negative"
curve for age alone is also shown in Fig. 1-4. It can

be seen at once that the additional factors contribute
much to the discrimination of stenosis and infarction.
Most of the material examined comes from subjects

over the age of 50 years and it would have been
useful to study the discriminants in subjects under
this age. Unfortunately there were only 31 cases
of coronary stenosis (27 in males) and 55 cases of
myocardial infarction (51 in males) in persons under
the age of 50. There are insufficient data for a full
analysis, but the Ai values, which reflect the dis-
criminatory power of variables, have been calculated
for calcification of the left anterior descending
coronary artery and for heart weight. Table 12
compares these values in those over and under 50
(males) and shows that calcification is, if anything,
likely to be more discriminatory under 50 years of
age than above, while heart weight is similar in both
age-groups.

In these data the factors calcification in the aorta,
height and subcutaneous fat thickness contribute
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FIG. 3
PROBABILITY OF MISCLASSIFICATION IN THE DIAGNOSIS OF MYOCARDIAL INFARCTION IN MALES
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little to the prediction of coronary stenosis or
myocardial infarction in men.

Subcutaneous fat is measured half way between
the xiphisternum and the umbilicus-an area that

TABLE 12
DISCRIMINATORY POWER OF VARIABLESI

IN THE DIAGNOSIS OF CORONARY STENOSIS
AND MYOCARDIAL INFARCTION

(>50 YEARS COMPARED WITH <50 YEARS IN MALES)

Discriminatory power (A)

Variable Coronary stenosis Myocardial

>50 yrs <50 yrs >50 yrs <50yrs

Calcification in left
anterior descend-
ing coronary 1.19 3.21 0.64 0.87

Heart weight 0.51 0.51 0.74 0.79

reflects excess dietary intake. The poor correlation
might be due to disease at time of death if this
caused decrease in subcutaneous fat and increase in
myocardial infarction and coronary stenosis. A
frequent cause of death, associated with loss of
subcutaneous fat, in this material, was cancer. In
another study 1 of this material it seems that cancer
deaths are associated with less myocardial infarction
and coronary stenosis than non-cancer deaths, so
this would not account for the low correlation found
and in fact would tend to increase the correlation
between fat and stenosis or infarction.
Another possibility is that fat is operating through

heart weight. This seems unlikely, but, to investigate
the possibility, partial correlations with coronary
stenosis or myocardial infarction have been cal-
culated with fat eliminated or with heart weight
eliminated.

1 In preparation.
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FIG. 4
PROBABILITY OF MISCLASSIFICATION IN THE DIAGNOSIS OF MYOCARDIAL INFARCTION IN FEMALES
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Heart weight and myocardial infarction, fat
eliminated ............... . 0.290

Heart weight and coronary stenosis, fat elimi-
nated ..... . . . . . . . . . . . . 0.175

Fat and myocardial infarction, heart weight
eliminated ............... . 0.020

Fat and coronary stenosis, heart weight elimi-
nated ..... . . . . . . . . . . . . 0.014

These demonstrate clearly that in this material
subcutaneous fat had little association with myocar-
dial infarction or coronary stenosis.

It is difficult to relate this to a clinical situation
or to compare it with other data that are available.
However, it is quite possible that calcification in the
coronary arteries could be detected clinically (Oliver
et al., 1964) and it may be that weight of heart is
highly correlated with heart volume measured at a
time when the subject is not " ill "-but this remains
to be seen. It should be noted that the predictions of
the above data are for myocardial infarction or

coronary stenosis (defined as narrowing of the lumen
by 50% or more), as found at autopsy in people who
have died from all causes, and in fact many of the
people in whom myocardial infarction and coronary
stenosis were found had died from conditions other
than coronary heart disease. Comparison may be
made with the findings of Oliver et al. (1964). They
showed that in 250 subjects in whom ischaemic heart
disease had been diagnosed during life and in 250
people in whom there was no evidence of ischaemic
heart disease during life assessment of presence or
absence of calcification in a coronary artery using an
X-ray image intensifier gave 10% false-positives and
about 78% false-negatives. This finding is, of course,
not strictly comparable with our data, but it does
indicate that the factors, calcification of a coronary
artery, age and heart weight (perhaps heart volume),
might be used to help to predict the presence of
myocardial infarction in subjects in whom it is
not otherwise suspected. Myocardial infarction was
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assessed simply as " present " or " absent ". Graded
data on this and on coronary artery calcification
and heart volume may improve the predictive power
of these factors. There are almost certainly addi-
tional factors that will improve discrimination.
Methods for making the improvements required are
being developed by this group.

CONCLUSIONS

1. Correlation coefficients between types of
"atherosclerotic lesion" in the same and different
arteries of the same subject are similar when the
same or different observers grade the aorta and
coronaries of the same subjects.

2. The grading of lesions of one part of the aorta
biases the grading of lesions of the other part of the
aorta in the same bag. A similar, but less marked
bias, exists in grading coronary arteries in the same
bag. This " bag bias " enhances coronary-coronary
correlations and aorta-aorta correlations but not
aorta-coronary correlations.

3. Correction for " bag-bias " made possible by
the study design tends to reduce aorta-aorta correla-
tion and coronary-coronary correlations without
affecting aorta-coronary correlation coefficients.

Correction for imprecision, also made possible by
the study design, tends to increase the correlation
coefficients. Hitherto, " correction of error" has been
neglected in correlation studies of atherosclerosis

4. The corrected correlation coefficients, based on
more material from more sources than has hitherto
been reported, are shown in Table 8. They are
generally greater than uncorrected coefficients.

5. Aorta-aorta and coronary-coronary correla-
tions are high compared with aorta-coronary correla-
tions. The best prediction of a lesion in the coronary
from knowledge of a lesion in the aorta (and vice
versa) is 13%. The reader may find many relation-
ships that interest him. Table 9 lists the factors that
correlate highly. In these data the presence or
absence of stenosis in the left anterior descending

coronary artery was highly correlated with the pres-
ence or absence of stenosis in any coronary artery.

6. Factors that would predict coronary stenosis
or myocardial infarction and that might be measur-
able in life have been sought. Calcification of the
abdominal aorta gives only a 5% prediction of
coronary stenosis and calcification in the left
anterior descending coronary artery gives a 25%
prediction of coronary stenosis.

7. A combination of calcification in the left
anterior descending coronary artery, heart weight
and age in males gives the optimal discrimination
between those who had and had not coronary
stenosis and those who had and had not myocardial
infarction (Tables 10 and 11, and Fig. 1-4). That
this is not only an age effect is shown by plotting
the false-negative-false-positive curves using age
alone as the discriminator, the three optimal variables
in combination and nine variables in combination
(Fig. 1-4).

8. Subcutaneous fat thickness (measured halfway
between the xiphisternum and the umbilicus in the
mid-line) is not associated with coronary stenosis
or myocardial infarction (Tables 10 and 11).

9. Although there is insufficient material from
which to draw conclusions about subjects under the
age of 50 years at death, the evidence is suggestive
that calcification in the coronary artery and heart
weight would be useful factors in discriminating
coronary stenosis and myocardial infarction before
the age of 50 years.

10. Discrimination of coronary stenosis and
myocardial infarction is such that-using the three
variables, heart weight, coronary calcification and
age, and if one can tolerate 10% false-negatives-
about 40% false-positives may be expected. This
would be improved if a better and graded diagnosis
of coronary stenosis and myocardial infarction were
available and if more factors could be added.

11. No differences in pattern of correlation of
types of lesion and site have been found between
male and female or between different broad causes
of death.
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RESUME

Un groupe international d'anatomo-pathologistes a
etudie des arteres coronaires et des aortes provenant des
autopsies de 3174 sujets originaires de Tchecoslovaquie,
de Suede et d'URSS, en utilisant les definitions et les
techniques d'examen uniformisees mises au point au
cours de travaux preliminaires. Le but etait de rechercher
d'eventuels facteurs, reconnaissables sur le vivant, per-
mettant de predire l'existence de la stenose coronaire ou
de l'infarctus du myocarde. Les l6sions anatomiques ont
ete evaluees en termes de 4 quantite totale d'atheroscl6-
rose *, ou pourcentage de la surface de l'intima atteinte,
trainee lipidique *, * plaque fibreuse *, lesion compli-

quee *, * lsion calcifiee )) et . stenose (seulement pour
les coronaires) et en differents endroits: aorte thoracique
descendante, aorte abdominale, artere coronaire droite,
artere coronaire descendante anterieure gauche, artere
coronaire circonflexe gauche. Pour chaque sujet etudie,
on disposait en outre de certains renseignements: cause
du d6ces, taille, epaisseur du tissu adipeux sous-cutan6
mesuree a mi-distance entre l'appendice xipholde et
l'ombilic, pr6sence d'infarctus du myocarde, etc.
Ces examens ont permis de conclure a la similitude des

coefficients de correlation entre les divers types de lesions
d'atherosclerose dans une meme artere ou dans differentes
arteres du meme sujet, lorsque la gradation est effectuee,
pour un meme sujet, par un ou diff6rents observateurs.
La variation introduite par la gradation successive des
l6sions de deux parties de I'aorte ou la gradation des
coronaires d'un meme sujet par un meme observateur
renforce les corr6lations coronaire-coronaire et les corr&-
lations aorte-aorte, mais non les correlations aorte-coro-
naire. La methode d'etude utilisee permet de corriger
cette variation de meme que les causes d'erreur par
impr6cision. Le tableau 8 montre les coefficients de corre-
lation corriges, etablis apres examen d'un materiel
considerable, le plus important reuni jusqu'a present.

Les correlations aorte-aorte et coronaire-coronaire sont
elevees par rapport aux corr6lations aorte-coronaire. On
peut pr6dire une lesion coronarienne d'apres une l6sion
aortique connue (et vice versa) dans 13% des cas au
maximum. La stenose d'une artere coronaire quelconque
est previsible dans 80% des cas, apres la decouverte d'une
stenose de 1'arterecoronaire descendante anterieuregauche.
Parmi les facteurs mesurables sur le vivant qui permet-

traient de predire une stenose coronarienne ou un infarc-
tus du myocarde, une calcification de l'aorte abdominale
ne donne qu'une pr6diction de 5 % de stenose corona-
rienne et cette prediction est de 25 % en cas de calcification
de l'artere coronaire descendante anterieure gauche.
Les tableaux 10 et 11 et les figures 1-4 montrent que la
discrimination optimale entre les sujets atteints ou non de
st6nose coronaire et les sujets atteints ou non d'infarctus
du myocarde est obtenue en combinant trois facteurs:
calcification de l'artere coronaire descendante anterieure
gauche, poids du cbeur et age, chez l'homme. On a pu
montrer que l'age n'est pas ici le seul facteur determinant.
I1 n'existe aucune relation entre la stenose coronaire et
l'infarctus du myocarde et l'epaisseur du tissu adipeux
sous-cutane. I1 semble que la calcification d'une artere
coronaire et le poids du cceur soient des facteurs utiles
pour faire la distinction entre la stenose coronaire et
l'infarctus du myocarde chez des sujets de moins de
50 ans; mais le materiel est insuffisant pour pouvoir
conclure de faron d6finitive. La discrimination entre ces
deux lesions sera meilleure si le diagnostic, par gradation,
de la stenose coronaire et de l'infarctus du myocarde peut
etre 6tabli de facon plus precise, et si davantage de fac-
teurs peuvent etre envisages.
Aucune difference de l'allure des correlations obtenues

pour les diverses l6sions et leur siege n'a e observee en
fonction du sexe du sujet ou du diagnostic porte a
I'autopsie.
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Annex

MATHEMATICAL FORMULAE USED IN THE ADJUSTMENT OF CORRELATION
COEFFICIENTS FOR OBSERVER ERRORS

The correlation coefficient between two variables C
and 7) is defined by

r(f, -i) = Cov(e, 7)/)IV(D V(7),
where Cov(f, -) is the covariance between C and ,
and V(t) and V(s) are the variances of C and i, respectively.
When two variables cannot be measured exactly but

the measured values, x and y, involve errors e and e',
then

x = + e
and y = q + e'.
We assume that errors e and e' have zero means and

are uncorrelated with e and n. The two errors may,
however, be correlated with each other so that the
covariance, Cov(e, e), may not vanish. In the present
study, errors in measurements made on different variables
relating to arteries placed in the same plastic bag are
likely to be correlated with each other owing to " bag
bias ", while the error in a measurement made on the
aorta is uncorrelated with that on a coronary artery
because measurements are made independently.
By denoting the variance of e and e' by V(e) and V(e'),

respectively, the variance of x and y over different
subjects are

V(x) = E [(x-E (x))'] = E [(C-E (C) + e)2]
= E [((-E (0)) ] + E (e) + 2E [(C-E (C)) e]
= V(C) + V(e)

and V(y) = V(q) + V(e'),
where the symbol E stands for the expectation of a
variable.
The covariance between x and y is

Cov(x, y) = E [(x-E (x)) (y-E (y))]
= E [(C-E (D + e) (7-E (-) + e)]
= E [(C-E (C)) (X1-E (X))]
+ E [(C-E (C) el) + E (e (7)-E (rq))]
+ E (e e')
= Cov(C, q) + Cov(e, et)

Thus, the values of V(O, V(sI) and Cov(C, q) can be
found by

V(t) = V(x)-V(e)
V(Wq) = V(y)-V(e')
Cov(W, ) = Cov(x, y)-Cov(e, et)

The quantities V(e), V(e') and Cov(e, et) can be
estimated from the data obtained in the intra-observer
comparability tests of grading. In these tests the same
specimens were examined twice independently by the
same observer. If we denote the results of the first
grading on two variables by xl and Yl, and those of the
second grading by x2 and y,, then

X= C + e1L
x= C + e2
Yi =7 + e'1
Y2 = 7 + e'2

The variances and the covariance of the differences
between the repeat examinations are

V(xL-x2) = V(e1-e,) = E [(el-e)2]
= E (e12) + E (e22) + 2E (ele,)
= V(e)+V(e) = 2V(e)

V(yl-y2) = 2V(e')

Cov(xL-x,, -y2) = Cov(el-e2, e'1-e's)
= E [(eL-e2) (e'1-e'2)] = E (ele'1) + E (e2e')

- E (ele'2) - E (eLe')
= Cov(e, et) + Cov(e, et) = 2Cov(e, et)

Thus, V(e) = V(xl -x2)2
V(e') = V(y1 -yJ12
Cov(e, et) = Cov(xL -X2, Yi -y2

In this study the values of V(e), V(e') and Cov(e, e)
were computed from these formulae on the basis of
results of repeat grading on 318 aortae and 260 sets of
coronary arteries.
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