
Chapter 2. Atherosclerosis of the aorta in five towns
A. M. VIHERT

Fatty streak was always present in both the thoracic aorta and the abdominal aorta in
the youngest subjects studied (aged 10-14 years). Fibrous plaque was present in a small
proportion of these young subjects, but a rapid increase in prevalence occurred as early as

the fourth decade. Complicated and calcified lesions appeared as early as the age of20-25
years but a rapid increase in prevalence was seen after age 40 for complicated lesions and
after age 50 for calcified lesions. There were differences in the prevalence of severe lesions
among the five towns. There was little increase in the extent ofatherosclerosis in the thoracic
aorta before the age of 40 and in the abdominal aorta before the age of 20. The increase
was more rapid after those ages. When atherosclerosis had affected about 50 % of the
intimal surface of the thoracic aorta and 70 % of the intimal surface of the abdominal aorta,
the increase slowed down considerably. In contrast to other types of lesion, the extent of
fatty streak increased only up to 30 years of age, when it occupied 25-30 % of the intimal
surface. Then it declined and in the older age groups did not exceed 4-5 % in men or women.

The extent offibrous plaque and complicated lesions was at all ages greater in men than in
women, while the extent offatty streak and calcified lesions in older age groups was greater
in women. There were marked differences in the extent of atherosclerotic lesions in the
five towns.

This investigation was based on the study of
thoracic descending aortas and abdominal aortas
collected in five European towns in accordance
with a standard method, as described in Chapter 1.
A total of 9522 aortas from men and 7765 from
women aged from 10 to 99 years were studied.
The material from the five towns was divided into
5-year age groups, and 40 or more cases were
found in nearly all 5-year age and sex groups.
The material as a whole was analysed for (a) the
prevalence of various types of atherosclerotic lesion
in the two parts of the aorta and (b) the extent
of these lesions, i.e., the proportion (Y.) of intimal
surface occupied by them. Special features, if any,
in the development of atherosclerosis of the aorta
in the different towns were then analysed and
compared.

THE PREVALENCE OF VARIOUS TYPES

OF ATHEROSCLEROTIC LESION

Thoracic descending aorta

All people aged from 10 years upwards had
some atherosclerotic lesions. Atherosclerosis was
absent in only one man and two women out of
17 287 deaths.

Fatty streak was the most frequent form of
lesion up to 60 years of age in men and 64 years
of age in women, and was met in combination with
other types of change in more than 95X/ of cases.
Only after this age did it become a little less frequent
than fibrous plaque. Fatty streak only, i.e., without
any other type of lesion, was the most frequent
type up to the age of 39 in both men (55°o) and
women (68°/) but after the age of 40 the frequency
of fatty streak as the only lesion decreased rapidly.

Fibrous plaque occurred in 5XO of persons under
14 years of age. Its frequency increased slowly up
to 30 years in men and up to 35 years in women,
when it reaches about 15-17%. After 40 years
of age the frequency of fibrous plaque increased
dramatically and by the age of 50-54 years, 90%°
of men and 83% of women had this feature. After
64 years of age fibrous plaque was absent only
in occasional cases.

Complicated lesions occurred up to 40 years
of age in 1-2%4 of cases. After that age their frequency
increased rather quickly, particularly after the age
of 50. By 60 years of age they occurred in half
the men and in one-third of the women and in
the subsequent decades of life the prevalence rose
to 80%. of the population.
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Calcified lesions were also encountered in 1-3%.
of cases up to the age of 40. After the age of 50 the
frequency of calcified lesions began to increase
rapidly and in the next two decades the number
of persons affected increased almost 4-fold to
reach 5700. Thereafter it continued to increase,
being encountered in the overwhelming majority
of persons aged 90-94 years. Calcified lesions were
somewhat more frequent in women aged over
70 years.

Differences between men and women in the
prevalence of lesions were minimal. There were
no differences for fatty streak, but the frequencies
of fibrous plaque and complicated lesions in women
lagged behind those in men by about 5 years. This
difference in frequency began to disappear between
the ages of 65 and 70 years in the case of fibrous
plaque and 5-10 years later in the case of complicated
lesions. The frequency of calcified lesions, on the
other hand, was roughly identical in the two sexes
up to 60 years of age, after which it became more
frequent in women than men.

Abdominal aorta

Similar features were observed in the prevalence
of various lesions of atherosclerosis in the abdominal
aorta, but all indices showed a 5-10-year shift to-
wards the younger age groups.

Fatty streak and fibrous plaque were found with
the same frequency as in the thoracic aorta but
5 years earlier in persons up to 60 years of age.
Thereafter they were encountered with the same
frequency in both parts of the aorta. Fatty streak
only also began to decrease 5 years earlier and
somewhat more quickly than in the thoracic aorta.
Complicated and calcified lesions occurred 10-15
years earlier in the abdominal aorta than in the
thoracic aorta.

In the abdominal aorta differences between
men and women were less marked than in the
thoracic aorta with regard to the prevalence of
fibrous plaque and calcified lesions, although the
same trends were found. But calcified lesions after
65 years of age were, as in the thoracic aorta, more
frequent in women. Clear-cut differences were
found only in the frequency of complicated lesions.
Between the ages of 40 and 80 years they were
considerably less frequent in women than in men
and the same frequency of complicated lesions
occurred in women on the average 5-10 years older.
The greatest increase in the frequency of fibrous

plaque in the abdominal aorta in men occurred
between 30 and 45 years of age. The most rapid
increase in complicated lesions of the abdominal
aorta occurred between 44 and 64 years of age.
In women the increase in the frequency of fibrous
plaque and complicated lesions was found to take
place roughly 5-10 years later than in men. The
frequency of calcified lesions began to increase
rapidly in both men and women only after 50 years
of age.

Inter-town differences

The frequency of atherosclerotic lesions varied
considerably among the five towns (Table 4).
Fatty streak only in both parts of the aorta occurred
more frequently in both sexes in Ryazan and
persisted to a greater age than in any other town,
occurring less frequently in Yalta and Malmo
and least frequently in Prague and Tallin. The
differences for fibrous plaque were relatively slight
but fatty streak with fibrous plaque but without
other lesions was most frequent in Ryazan. The
other towns were similar to each other. There was
a tendency for complicated lesions to be most
frequent in Malm6, Prague, and Yalta, and least
frequent in Ryazan. Similar relationships were
found with calcified lesions.

It may be concluded that slighter atherosclerotic
lesions (fatty streak with fibrous plaque only) occur
more often in Ryazan, in most age groups, in both
parts of the aorta. The differences between other
towns with regard to these lesions were not so
obvious. This tendency was well marked in cases
of severe (complicated and calcified) lesions; again,
Ryazan was the last on the list, with Yalta and
Malmo ahead. These differences were present in
most age groups.

EXTENT OF ATHEROSCLEROTIC LESIONS

Descending thoracic aorta

The total extent of atherosclerotic lesions in
men and women increased slightly from 15 to
40 years of age within a range of 15-2000 of the
arterial surface. After 40 years of age there was
a steady increase, amounting to 7-10% of the
arterial surface per 5-year period. Up to 75 years
of age atherosclerosis was somewhat more extensive
in men, but after 75 years of age it was more extensive
in women. The age-standardized value for men
slightly exceeded that for women, the difference,
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Table 4. Inter-town comparison of prevalence (%) of atherosclerotic lesions a in the abdominal
aorta (age-standardized values)

FaSt +Town FaSt only FbPl only FaSt FbPI Co Ca Rs

Males

Malmo (M) 3 34 93 97 58 48 97

Prague (P) 0.4 30 91 99.5 61 52 99.6

Ryazan (R) 6 44 92 93 48 39 94

Yalta (Y) 3 35 92 97 57 48 97

Tallin (T) 4 36 91 96 54 48 96

Significance R > T, M, R > T, Y, M > P,T P > M, Y, P, M > T, R P, M, Y, P > M,Y,
Y> P M,P,T>P T> R Y> R T R T> R

Females

Malmo 5 46 94 95 36 47 95

Prague 5 55 96 95 32 36 95

Ryazan 12 63 96 88 25 28 88

Yalta 6 52 95 94 34 40 94

Tallin 8 50 94 92 34 42 92

Significance R, T > M, P R > P,Y, P > T M, P, Y > R M, P, Y, M > T,Y, M,P,Y> R
R > Y T > M M > T T > R P > R,T > P M > T

a FaSt = fatty streak; FbPI = fibrous plaque; Co = complicated lesions; Ca = calcified lesions; Rs = raised lesions.

although small, being statistically significant
(P >0.001).

Fatty streak differed from all the other lesions.
Up to 20-24 years of age it occupied 15-17% of
the surface and remained at this level until the age
of 40-45 years. From 45 years it decreased gradually
by 2-5% during a 10-year period. By 60-64 years
of age it reached 5-7°/ and then persisted at that
level during the rest of life. Only slight differences
were observed between the sexes in the extent of
fatty streak, but age-standardized values were still
significantly higher in women.
The area occupied by fibrous plaque hardly

increased from 2-3% until 39 years of age. Then
there was a swift increase, a little greater in men
than in women, up to age 75-79. The age-standardized
values were significantly higher in men.
The extent of complicated lesions remained at

about 0.5% up to 50-54 years of age and then
began to increase quite rapidly, although at no age
did it exceed 5%/ of the intimal surface. In men it
increased more quickly than in women, who lagged

approximately 10 years behind. The age-standardized
value for men was about 2.5 times higher than
that for women.
The area of calcified lesions increased slowly in

men and women up to age 60. After this age it
increased rapidly and much more so in women
than in men, especially in the highest age groups,
and the age-standardized value for women was
significantly higher.
As women had less fibrous plaque, fewer compli-

cated lesions, and more calcified lesions, the raised
lesions in both sexes differed by no more than
5-8% in each 5-year period up to 75 years and then
became slightly more marked in women. The
age-standardized value was, however, significantly
higher in males.

Abdominal aorta
Atherosclerosis in the abdominal aorta developed

somewhat differently. The total amount of athero-
sclerosis began to increase from the age of 20, i.e.,
there was no period of relative stability such as was
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found in the thoracic aorta up to 40-45 years of
age. The total amount of atherosclerosis in women
up to 44 years of age was slightly higher than that
in men, because of the greater extent of the fatty
streak. The total extent of atherosclerosis was also
greater in women over the age 74, on account of
the calcified lesions. The extent of the fatty streak
in men did not exceed the 20%. attained by 30 years

of age. In women the area of fatty streak was

greater. In both men and women, a slow decrease
in the extent of fatty streak began after the age of
35 and continued until 70 years. After that, fatty
streak did not exceed 4-5y/ of the intimal surface.
The age-standardized value for fatty streak was
higher in women.
The increase in the area occupied by fibrous

plaque in the abdominal aorta began roughly
5 years earlier than in the thoracic aorta and followed
a considerably more rapid course, with an increment
of 15-20%y in each 5-year period. The changes
increased with particular intensity between 39 and
59 years of age and in those aged 20 years the area
occupied by fibrous plaque increased 4-fold in
women and 41/2-fold in men. After the age of 70,
the area of fibrous plaque was roughly 50%. in both
men and women. The age-standardized value for
fibrous plaque was higher in men.

A considerable increase in the extent ofcomplicated
lesions began in men after 45 and in women 10 years
later. In women it was not so extensive and the
age-standardized value for men was 3 times higher.
On the other hand, the extent of calcified lesions

in women over 59 years of age was considerably
greater than in men, both as regards rate of increase
and the absolute values. In the period from 59 to 89
years, calcified lesions increased 41/2 times in women
but only 21/2 times in men. Age-standardized values
based on the age group 40-69 years were similar in
men and women.

Thus, in the abdominal aorta the increase of all
atherosclerotic lesions except fatty streak began
earlier and developed more quickly than in the
thoracic aorta. Also, the area occupied by all forms
of lesion in the abdominal aorta was considerably
greater than in the thoracic aorta in both men and
women, as is clearly seen when the age-standardized
values are compared. These values also show that
the sex differences were the same in both the
thoracic and the abdominal aorta, i.e., fatty streak
and calcified lesions were more extensive in women,
and fibrous plaque and complicated lesions were

more extensive in men.

Table 5. Correlation coefficients of atherosclerotic
lesions between the descending thoracic aorta and the
abdominal aorta

Thoracic Abdominal aorta
aorta TA FaSt FbPl Co Ca Rs

TA 0.81 -0.22 0.66 0.41 0.45 0.79

FaSt -0.08 0.65 -0.25 -0.16 -0.14 -0.29

FbPI 0.78 -0.42 0.74 0.37 0.39 0.83

Co 0.35 -0.17 0.17 0.58 0.21 0.37

Ca 0.33 -0.16 0.11 0.16 0.61 0.35

Rs 0.79 -0.42 0.69 0.43 0.46 0.84

TA = total amount of atherosclerosis; FaSt = fatty streak;
FbPI = fibrous plaque; Co = complicated lesions; Ca = calcified
lesions; Rs = raised lesions.

Correlation of extent of lesions between parts of the
aorta
The correlation for each lesion between the two

parts of the aorta is shown in Table 5. The correlation
between the abdominal aorta and thoracic aorta for
the same type of lesion was high, but generally
speaking the correlation was low for different types
of lesion between the parts of the aorta.

Inter-town differences
Inter-town differences were studied for the thor-

acic aorta, the abdominal aorta, and the average
aorta. The results were similar. The total amount of
atherosclerosis was least in Ryazan and greatest in
Prague for men and in Malm6 for women; Tallin
and Yalta were similar to each other and occupied an
intermediate position. The extent of fatty streak was
least for both sexes in Ryazan and highest in Malmo;
Prague, Tallin, and Yalta were similar to each other
and occupied an intermediate position. The extent of
fibrous plaque in men was least in Yalta and Ryazan
and highest in Prague, with Tallin and Malm6
similar to each other and occupying an intermediate
position. Women in Ryazan had the least amount of
fibrous plaque; the other 4 towns were rather
similar but with Prague a little higher. Complicated
lesions in men and women were least extensive in
Ryazan and there was little difference between the
other towns. Calcified lesions were least extensive in
men and women in Ryazan; for men the other towns
were similar to each other, but for women in the
other 4 towns, the extent was greatest in Malmo and
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least in Prague. These patterns were to a considerable
extent maintained in the various age groups.
The milder course of atherosclerosis in Ryazan

was also shown by the predominance of mild and
moderate forms of atherosclerosis (defined as
involving not more than 15% and 1650 %, respec-
tively, of the aortic surface) among its inhabitants
(Fig. 3). Among inhabitants of Ryazan aged 40-49
years, mild forms occurred considerably more fre-
quently and severe forms (defined as involving more
than 50%. of the aortic surface) much less often than
in other towns. Similar relationships were also found
in the older age groups. The differences between the
remaining towns were not so substantial. However,
generally speaking, in Malm6 and Prague mild forms
of atherosclerosis were encountered less often and
severe forms more often than in the other towns.

DISCUSSION

The advance of atherosclerosis with age has been
universally observed (2, 3, 5, 6, 12, 18, 19, 20, 21,
23, 24), some authors even expressing the opinion
that atherosclerosis is not a disease but a result of
increasing age (5). Similar views were expressed as
early as 1886 (23) but were not widely accepted. It is
difficult to conceive that aging begins as early as age
20 years (the time when the first fibrous plaques
appear in the aorta and coronary arteries in roughly
10% of people), whereas there are no signs of aging
of the vessels in a certain proportion of people over
60 years of age.

Atherosclerosis was found to spread most rapidly
in the 15-year period between 29 and 44 years of age,
when thenumber ofpersons with raised lesions trebled
to 400% of the total population, but the largest
(4-fold) increase in the area occupied by these
changes occurred in the period between 34 and 44
years of age (from 5.0 to 22.5% in men). In the
subsequent 10-year period (44-54 years), it doubled
to reach 42.5% in men. After this age, the rate of
increase in atherosclerotic changes slowed down and
in the period between 54 and 64 years of age the
increase was about 0.5%. of the initial value and the
changes involved 60% of the vascular intima. The
view (3) that the extent of atherosclerotic changes in
each successive decade increases in geometrical
progression compared with the previous decade was
not confirmed. The extent increased rather in arith-
metical progression by 18-20% per decade of the
intimal surface; 34 years, 5%; 44 years, 5 + 17.5 =

22.5%; 54 years, 22.5+20=42.5%. The same was
true for women. It should be stressed that in every
age group there were significant individual devia-
tions from the mean values.

In most age groups atherosclerotic changes in the
aorta were more marked in men because of the larger
area taken up by fibrous plaques and complicated
lesions. In women, however, both calcified lesions
and lipoidosis were more marked, particularly in the
higher age groups. Meanwhile " pure" lipoidosis
(fatty streak only) was encountered in women
somewhat more often, as has been found by other
authors (20). The lower frequency and the later
development of atherosclerosis among women has
been known for some time (2, 10). A number of
authors have pointed out that atherosclerosis is more
marked in men up to the age of 60 years; after that
age the differences disappear or else more severe
forms occur in women (2, 3, 4, 8, 13, 19, 24). Some
authors, noting the more advanced forms of coronary
atherosclerosis in men, indicate at the same time
that in countries where atherosclerosis is severe,
differences in severity between the lesions in the
aorta in men and women are absent, whereas in
countries where atherosclerosis is not very marked,
more severe changes are found in women's aortas
than in men's (22). More severe atherosclerosis of the
aorta in women has been noticed also among the
population of Iceland (4) and in Lund, Sweden (18).
Some workers have found more marked calcification
among women in the older age groups (19, 24),
whereas others have observed no sex differences in
aortic atherosclerosis (1, 9, 15, 16).

Differing degrees of severity of atherosclerosis
among the inhabitants of different countries were
first noted in 1919, when it was found that among the
inhabitants of Germany from 18 to 20 years of age
atherosclerosis of the coronary arteries was en-
countered almost twice as often as in the inhabitants
of Switzerland of the same age (14). The Second
Conference on Geographical Pathology, held in
Utrecht in 1933, was devoted to this problem. The
results were, however, inconclusive because, as was
stated, there was no agreement on what should be
considered as the onset of atherosclerosis, on the
measurement of its severity, on the definition of its
stages, and on the representativeness of the material.
As has been pointed out (11), autopsy data do not
fulfil the principle of random selection, and the
selection of material collected depends on such
factors as the number of persons autopsied in
hospitals and the predominance of forensic medical
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Fig. 3. Prevalence (%) of persons with mild, moderate, and severe atherosclerotic lesions (total
amount, average aorta).
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material over pathological material. In our material
this difficulty was to a large extent overcome by
including all types of deaths and nearly all deaths
occurring in each community. The geographical
differences detected can therefore be considered to
reflect adequately the true position.

In Ryazan, the frequency of severe forms of
atherosclerosis of the aorta and the extent of lesions
was almost always lower than in the other towns,
while the time of the onset of severe changes was
roughly 5 years later than in the other towns. In
Ryazan, milder forms of atherosclerosis involving
less than 5000 of the vascular surface predominated
(Fig. 3). The mean area of fibrous plaques in the
men of Ryazan was lower than in the women of
Malmo and Prague. The area of complicated lesions
was only 1.5 times higher (and the area of calcified
lesions was much lower) in the men of Ryazan than
in the women of Malm6, Yalta, and Tallin. In men
the differences were smaller but still present.
The difficulties of comparing data on the severity

of atherosclerosis have long been known (2) and it is
difficult to compare our data with those of other
authors. Within certain limits comparison is possible
with data obtained in the International Athero-
sclerosis Project because the same technique was
used and the assessment of atherosclerosis in the two
studies was calibrated. For instance, raised lesions
in the abdominal aorta among women living in New
Orleans occupied a much greater area than among

those of Malmo or Ryazan, although the area was
was somewhat greater in the latter than in those
living in Durban (Bantu) and Bogota. The thoracic
aorta showed a similar, although less marked, trend.
The men of New Orleans and Prague had approxi-
mately the same extent of atherosclerosis in the
abdominal aorta. Among the men of Ryazan,
however, atherosclerosis in the abdominal aorta was
much more pronounced than among those of Bogota'
and Durban. For the thoracic aorta, the differences
between the men of Prague, New Orleans, and
Ryazan were much less marked.
As regards the extent and evolution of fatty

streaks, New Orleans, Malm6, and Ryazan were
broadly similar, but Bogota and Durban (Bantu)
differed from all the others, their inhabitants showing
continued raised levels in later life. In the present
study prevalence of fibrous plaque in the aorta
was lower than in the International Atherosclerosis
Project study (7) where fibrous plaques were
observed in 90% of people after the age of 30
(the present data indicate only half as much in this
age group). Other authors have claimed that all
persons over 40 years of age dying from illnesses
unconnected with atherosclerosis have fibrous
plaques in the aorta (17, 20). Our data indicate that
fibrous plaques occur only after the age of 60 in the
thoracic aorta and after 55 years of age in the
abdominal aorta, and even in older age groups a
small percentage of persons show no fibrous plaques.

RESUME

CHAPITRE 2. tTUDE DE L'ATHE'ROSCLiROSE AORTIQUE DANS CINQ VILLES

La presence de trainees lipidiques est constante, tant
dans l'aorte abdominale que dans l'aorte thoracique,
chez les plus jeunes (10-14 ans) des sujets figurant dans
cette etude. Seule une petite proportion d'entre eux
presente une plaque fibreuse, dont la fr6quence augmente
par contre rapidement a partir de la quatrieme decennie.
Des lesions compliquees ou calcifiees apparaissent d6s
l'age de 20-25 ans, mais leur prevalence s'accroit tres
vite apres l1'age de quarante ans pour les lesions com-
pliqu6es, et apres la cinquantaine pour les l6sions cal-
cifiees. Les lesions severes ont une frequence inegale
entre les cinq villes. L'extension de l'atherosclerose est
mod6r6e dans l'aorte thoracique avant l'age de 40 ans,
et dans l'aorte abdominale avant l'age de 20, puis elle
s'accelere une fois ces ages depasses. Lorsque l'athe-

rosclerose touche environ 50% de la surface de l'intima
dans l'aorte thoracique et 70% dans I'aorte abdominale,
cette augmentation se ralentit considerablement. Contrai-
rement a d'autres types de lesions, l'extension des
trainees lipidiques se poursuit seulement jusqu'a 30 ans,
occupant alors 25-30% de la surface interne du vaisseau.
Elle regresse ensuite, et, pour les groupes les plus ages,
n'excede pas 4-5% dans chaque sexe. L'extension de la
plaque fibreuse et celle des lesions compliquees est, a
tout age, plus forte chez les hommes que chez les femmes,
tandis que l'extension des trainees lipidiques et des
lesions calcifiees dans les groupes d'age plus 6leves est
plus importante dans le sexe feminin. Il y a des differences
marquees dans l'extension des l6sions ath6roscl6reuses
dans les cinq villes.
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