
Chapter 4. High and low atherosclerosis groups

A. M. VIHERT

Aortic and coronary atherosclerosis were studied in two groups, the " high atherosclerosis
group " and the " low atherosclerosis group ". The latter may be considered as showing
basic levels of atherosclerosis in the different communities. The development of lesions in
the two groups occurred in parallel, but earlier in the high group. Sex differences in the two
groups were similar to those in the whole material. Generally speaking, inter-town com-
parisons were similar in each group and similar to those for deaths from all causes, a
notable exception being the prevalence of coronary stenosis. The findings indicate that the
groups can be used as reference groups, but only for material drawn from the same source.

This chapter is concerned with the prevalence
and extent of atherosclerosis in two groups of
persons defined as follows:

1. The high atherosclerosis group-subjects who
had died from various manifestations of athero-
sclerosis, such as any manifestations of ischaemic
heart disease (coronary thrombosis and occlusion,
myocardial infarction, post-infarction scars, or
cardiac aneurysm), atherosclerotic aortic aneurysm,
atherosclerotic gangrene of the extremities, throm-
bosis of other arteries, or disturbances of the
cerebral circulation (including subarachnoid haemor-
rhage) and their sequelae. Hypertensive and diabetic
subjects were exluded.

2. The low atherosclerosis group-subjects who
had died from various causes, mainly a violent death,
in whom the weight of the heart (after removal of
the coronary arteries) did not exceed 400 g in men
and 350 g in women, and who on autopsy proved
not to have suffered from the diseases listed above,
rheumatic heart disease, cor pulmonale, or malignant
tumours (i.e., most diseases thought to be connected
with atherosclerosis or capable of influencing its
course). Atherosclerosis in this group can be con-
sidered as the least in extent and its level is an
indication of the basic level of atherosclerosis in
the population concerned.

The two groups will be used for comparison
purposes in subsequent chapters concerned with
the relation of atherosclerosis to diseases and to
some specific factors.

DEATHS IN THE HIGH ATHEROSCLEROSIS GROUP

The proportion of deaths included in the high
atherosclerosis group is shown in Table 10 and
Fig. 5. For all towns together and for all ages it
was 14.6%. for men and 10.0%. for women. (The
total number of deaths in which atherosclerosis
was thought to play a major role was considerably
higher since, as discussed in chapters 7 and 8, the
majority of subjects with hypertension and diabetes
mellitus, who were excluded from the high athero-
sclerosis group, also died as a result of various
manifestations of atherosclerosis.) The proportions
differed greatly between towns, being lowest in
Ryazan (men 8.3%4, women 5.9%/) and highest
for men in Malmo (men 21%/, women 12.1%.) and
for women in Yalta (12.9%.).
The most frequent causes of death in the high

atherosclerosis group were the various manifesta-
tions of coronary heart disease (Fig. 5 and 6),
followed by cerebrovascular lesions. Coronary
heart disease was the cause of death in 83%. of
Malmo men who died of atherosclerosis; the figure
for Prague was 72%/. In women, the proportion
was generally more modest, except for Yalta (men
77.3%., women 75.6%), where deaths from coronary
heart disease among women were roughly at the
same level as among men in Prague and higher
than among men in Tallin. It was followed in fre-
quency by cerebrovascular lesions, which were at
roughly the same level among men in all towns
except Yalta (Fig. 6). Among women, death from
cerebrovascular disease was most frequent in
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Table 10. Number and percentage of cases, by sex
and age, in the high and low atherosclerosis groups
(all towns combined)

Low atherosclerosis High atherosclerosis
Age group % %

No. of all cases No. of all cases

Males

10-19 88 55.0 1 0.6

20-29 225 47.3 17 3.6

30-39 305 40.0 41 5.4

40-49 237 25.7 97 10.5

50-59 227 11.9 270 14.2

60-69 181 6.7 466 17.2

70-79 95 4.7 369 18.3

80-89 42 6.7 128 20.3

90-99 2 4.7 12 27.9

1402 14.6 1401 14.6

Females

10-19 41 51.3 2 2.5

20-29 86 48.0 1 0.6

30-39 102 35.2 6 2.1

40-49 116 20.7 25 4.5

50-59 157 13.5 74 6.4

60-69 185 8.3 241 10.8

70-79 143 6.5 321 14.5

80-89 82 8.1 170 16.7

90-99 12 12.4 13 13.4

924 11.8 853 10.0

Ryazan (32.3%) and Tallin (30.4°/) and considerably
less frequent in Yalta (16.2%).

In the 20-29 age group, either fresh myocardial
infarction or large scars or a combination of both
were found in 30%. of men in the high athero-
sclerosis group. Above age 40, these changes were
found in 75-80% ofmen who died of atherosclerosis.
In women, these changes appeared two decades
later and were somewhat less common (62.9%)
than in men (80.5%). Different ratios were found
for cerebrovascular lesions, which occurred 20 years
earlier in men than in women, but after the age
of 40 the frequency in women was 2-3 times as
high as in men.

21 All deaths from atherosclerosis

M Deaths from coronaFy heart disease

Fig. 5. Prevalence of atherosclerotic death (% of all
natural deaths), male and female.

Males
E Females

Fig. 6. Prevalence (%) of coronary heart disease and
cerebrovascular disease in all atherosclerotic deaths,
by sex and town.

PREVALENCE OF ATHEROSCLEROTIC LESIONS

The following analysis refers to the abdominal
aorta and the left anterior descending coronary
artery. (Other vessels were examined and were

essentially similar.) Some manifestation of athero-
sclerosis was found in these two vessels in all
persons in the high and low atherosclerosis groups
who died after the age of 20, independent of domicile
or sex.

Fatty streak was encountered in the abdominal
aorta in men of the low atherosclerosis group more
frequently than in men of the high atherosclerosis
group. After 40 years of age the incidence of raised
lesions increased and the difference between the
groups in that respect persisted until the sixth
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decade of life, after which it gradually disappeared.
Roughly the same relationships were encountered
in women. Fatty streak only occurred in men more
frequently in the low than in the high atherosclerosis
group at all ages and the difference was statistically
significant for all age groups other than 20-29 group.
There were very few subjects with fatty streak only
in the low atherosclerosis group and none in the
high atherosclerosis group after the age of 50.
Similarly, fatty streak with fibrous plaque only was
much more common in the low than in the high
group, and this difference continued and increased
up to the age of 69. Similar ratios were noted in
women.
The high atherosclerosis group showed a greater

frequency than the low group of raised, calcified,
and complicated lesions in the abdominal aorta
in both men and women. These relationships were
also true for the thoracic aorta. However, the
frequencies of raised lesions in the two groups
approximated to each other by age 50 in men and
60 in women, mainly due to an increase in prevalence
of fibrous plaque in the low atherosclerosis group.
The same regular features were found in the

left anterior descending artery. In men and women
the frequency of fatty streak decreased with age,
while that of raised lesions increased. In men of
the high atherosclerosis group the greatest increase
in the frequency of raised lesions occurred during
a single decade (30-39 years of age) and after the
age of 39 persisted at roughly the same level, whereas
in the low group the process was more protracted
and lasted until the sixth decade of life.

In women the main increase in the prevalence
of raised lesions occurred two decades later and
was found in the high group in the fifties and
sixties and in the low group in the sixties, seventies,
and eighties.
The prevalence of complicated lesions in this

artery in the high group in men rapidly increased
between the ages of 20 and 49 years and in women
from 40 to 59, and after that it remained at roughly
the same level. In the low group this occurred
slowly after 40 years of age in men and 60 years
of age in women. The prevalence of calcified lesions,
on the other hand, increased continuously with
age in both men and women in the two groups.

In women the prevalence of fatty streak was
either the same as in men or somewhat higher.
The prevalence of other forms of lesion in women
was usually lower than in men for both groups.
Age-standardized differences between the high

and low groups in the prevalence of complicated,
raised, and calcified lesions were usually not stat-
istically significant.

Despite the great frequency of atherosclerotic
changes, 2.0-2.5%y of older persons in the low
group had no atherosclerotic raised lesions in the
abdominal aorta or left anterior descending artery.

EXTENT OF LESIONS

Abdominal aorta

Fatty streak in the abdominal aorta was not only
encountered more frequently in the low athero-
sclerosis group but was also more extensive than
in the high group in women throughout life, while
in men this was so only in the age group 40-69.
Fatty streak was more extensive in women than
in men in both groups. There was a general tendency
for the extent of fatty streak to fall with age to
one-fifth or one-sixth of the maximum attained
in the 20-29 age group, with a simultaneous increase
in the area of raised lesions. In men of the low
group a considerable increase in the area of raised
lesions occurred roughly 10 years later than in the
high group, and the same area of lesions was
attained in the low group 15-20 years later. Age-
standardized values for the extent of fatty streak
were higher in the low group in women than in men,
whereas the area of raised lesions in all age groups,
and the age-standardized values, were always greater
in the high group. The differences were statistically
significant in both sexes.

In both the high and low atherosclerosis groups
the area occupied by fibrous plaque was roughly
the same in men (age-standardized values 46.2%
and 31.6%.) as in women (43.5°4 and 27.9%4), but
the area of complicated lesions was smaller and
the area of calcified lesions greater in women than
in men.
The biggest increase in the extent of complicated

lesions in the high atherosclerosis group in men
occurred from age 30 to 69, when the area increased
by 10 times and reached a level of 12%°. In the low
group and in women of the high group the increase
in complicated lesions occurred quite evenly at the
rate of 1.5-2%4 per decade. On the other hand,
the increase in the extent of calcified lesions occurred
considerably more rapidly in women, particularly
in the high group, whereas in men the process
was more even and not so extensive.
The greatest increase in the extent of raised

lesions in the abdominal aorta in the high athero-
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Table 11. Comparison of the extent of various atherosclerosis lesions in the three main coronary arteries in the high
(A) and low (B) atherosclerotic groups (all towns combined)-age-standardized values

Right coronary artery Left anterior descending Left circumflexRight coronary artery coronary artery coronary artery

A(M) B(M) A(F) B(F) A(M) B(M) A(F) B(F) A(M) B(M) A(F) B(F)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Total amount of atherosclerosis 61.2 31.0 44.5 21.4 58.0 34.6 46.9 25.4 49.8 24.6 34.8 17.5

Fatty streak 2.7 4.3 3.1 5.1 1.7 2.8 2.7 4.1 1.9 3.6 2.9 4.4

Complicated lesions 2.0 0.1 1.4 0.1 1.8 0.1 1.1 0.1 0.7 0.0 0.4 0.1

Calcified lesions 3.8 0.9 2.0 0.8 6.8 2.2 3.7 1.3 3.9 0.9 2.6 0.8

Fibrous plaque 52.7 25.7 38.1 15.5 47.7 29.4 39.4 19.9 43.3 20.1 28.9 12.2

sclerosis group occurred in men aged 30-39, the
area occupied by atherosclerosis increasing by
roughly 20%°. In the succeeding fifth, sixth, and
seventh decades of life the extent of raised lesions
increased by 19%, 15%, and 13%, respectively,
and from then onwards the increase was negligible.
In the low group from the fourth decade of life
onwards the extent of atherosclerotic changes
increased on average by roughly 12-15% in each
decade, but after 70 years of age the rate of increase
also slowed down.

In women the greatest increase in the extent of
raised lesions in the abdominal aorta occurred in
the low group in the sixth decade (20%) and in
the high group in the fifth decade (20%). Thereafter
the rate of increase slowed down and did not
exceed 8-10% per decade.

Coronary arteries

The area of fatty streak in the coronary arteries
rarely exceeded 5%o in men or in women in either
group (Table 11) and tended to decrease with age.
Nevertheless, a greater area of fatty streak was
found in the low atherosclerosis group and the
difference was statistically reliable. In women of
both groups fatty streak was more extensive than
in men.
The areas of fibrous plaque and complicated

lesions were greater in both groups in men. In
contrast to the findings for the aorta, calcified
lesions in the coronary arteries in men of both
groups were more extensive than in women.

In the left anterior descending artery in the high
atherosclerosis group the extent of raised lesions
in men increased by almost 30%. of the intimal
surface in one decade (30-39 years). Thereafter

the rate of growth slowed down and in the next
five decades the extent increased by a total of only
20%. In the low group the increase occurred more
evenly (by 10-12% per decade throughout life).
A similar picture was observed in women, with the
difference that the sharp increase in the extent of
raised lesions in the high group occurred two
decades later, i.e., in the fifties, and by 20%. In the
next three decades the total increase was only 12.5%.

In the high group the greatest total amount of
atherosclerosis was found in the right coronary
artery, with somewhat less in the left anterior
descending artery and least in the left circumflex
artery. However, the greatest area of calcified
lesions was found in the left anterior descending
artery, where it was almost twice the area of those
in the left circumflex and right coronary arteries
(Table 12). At the same time, at all ages, stenosis
in the left anterior descending artery was 1.5-2 times
as common as in the other arteries.

In the low atherosclerosis group these relationships
were somewhat different. The total amount of
atherosclerosis and the extent of raised lesions
in men were greatest in the left anterior descending
artery, somewhat less in the right coronary artery,
and least in the left circumflex artery. The area of
calcified lesions in the left anterior descending
artery was 21/2 times as great as in the two other
arteries (Table 12) and stenosis in the left anterior
descending artery was 2-5 times as common as
in the left circumflex and right coronary arteries.
There were very great differences in the frequency
of stenosis between the high and low atherosclerosis
groups. In the high group it was encountered in all
arteries many times more frequently, particularly
in the left anterior descending artery.
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Table 12. Inter-town comparisons of extent of raised and calcified lesions (% of surface) in the average aorta and
average coronary artery and prevalence (%) of stenosis in any coronary artery in the high and low atherosclerosis
groups (age-standardized values)

Extent of raised Extent of raised Extent of calcified Extent of calcified Prevalence of
lesions in lesions in lesions in lesions in stenosis in

Town average aorta average coronary average aorta average coronary any coronary

High Low High Low High Low High Low High Low
group group group group group group group group group group

Males

Malmo (M) 44 24 53 24 2 1 5 1 72 7

Prague (P) 47 32 62 26 2 1 5 1 57 9

Ryazan (R) 37 26 54 26 1 1 4 1 53 7

Yalta (Y) 37 27 48 23 2 1 4 1 51 11

Tallin (T) 44 30 52 31 2 1 5 2 44 10

Statistical T > M T> M, Y M > T
significance

Females

Malmo 49 29 39 15 4 3 3 0.5 41 6

Prague 40 24 37 20 2 1 2 1 26 5

Ryazan 33 15 32 11 1 1 1 0.4 13 2

Yalta 34 21 37 12 2 2 3 1 45 8

Tallin 41 27 42 20 2 2 2 2 18 9

Statistical M,T> R T> R M,T> R T> R T> R
significance

In women the highest total amount of athero-
sclerosis in both groups was found in the left
anterior descending artery, but the area in the
right coronary artery was almost as great, while
the area of atherosclerosis in the left circumflex
artery was the least (Table 12). Calcified lesions
also were most extensive in the left anterior de-
scending artery and stenosis was 2-21/2 times as
frequent in that artery as in the other arteries,
particularly up to the age of 69. In the low athero-
sclerosis group stenosis was encountered 5-10 times
less often than in the high atherosclerosis group
(Fig. 7).
Thus in both men and women and in both groups

a marked parallelism was found between the extent
of calcified lesions of the coronary arteries and the
frequency of coronary stenosis. In the high athero-
sclerosis group coronary stenosis occurred con-
siderably less frequently in women than in men,
but in the low atherosclerosis group up to the age
of 69 no significant differences were found between

men and women in regard to the frequency of
coronary stenosis. After 70 years of age it was
again found more frequently in men.
The prevalence of coronary stenosis in men

(age-standardized values) in the low atherosclerosis
group was 9 times less than in the high group or
in subjects with fresh myocardial infarction and
only one-tenth of the prevalence in those with
recurrent myocardial infarction (Fig. 7). Coronary
stenosis was much less frequent in the low athero-
sclerosis group than in the other groups mentioned
in Fig. 7.

WEIGHT OF THE HEART

The mean heart weight in the low atherosclerosis
group was 286 g in women and 330 g in men,
with very slight differences (± 15 g in men and
± 10 g in women) according to age and town.
In the high atherosclerosis group the mean heart
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Fig. 7. Comparison of the prevalence (%) of coronary stenosis in any coronary artery in the high and low athero-
sclerosis groups and in different disease groups (all towns combined) age-standardized values (10-99 years).

weight for men was 430 g and for women 361 g
and a considerably increased heart weight was

found in all ages but particularly from 40 years
onwards. The differences between the groups were

statistically significant.
There were also marked inter-town differences

in the high atherosclerosis group. The mean heart
weight was lowest in Ryazan (men 375 g, women

464 g) and highest in Malm6 men (464 g) and
Tallin women (394 g).

INTER-TOWN COMPARISONS

Data for age and sex groups were compared
for each town and each artery. The differences
were not so marked as for the material as a whole
(see chapters 2 and 3) and for the- most part are

demonstrated in the age-standardized values shown
in Table 12.
The extent of raised lesions in the average aorta

in the high atherosclerosis group tended to be low

in Ryazan men and women and high in Prague men
and Malmo women (similar to the findings for all
deaths). The same tendency was seen in women

of the low atherosclerosis group, but among men

the extent of raised lesions was lowest in Malmo.
The extent of calcified lesions in the average

aorta in the high atherosclerosis group was low in
Ryazan men and women and high in Malmo women.
The same tendency was seen in women of the low
atherosclerosis group but no inter-town differences
were found in men. In both groups Malm6 women

showed a clear excess of calcified lesions over males.
The extent of raised lesions in the average coronary

tended to be greatest in Prague men and women

and least in Yalta men and Ryazan women when
all deaths were considered. The tendency for Yalta
men and Ryazan women to be lowest was still
found when the high and low atherosclerosis groups
were considered. Tallin, Prague, and Malm6 men

and women in the high atherosclerosis group had
the highest values but in the low atherosclerosis

Males

524



HIGH AND LOW ATHEROSCLEROSIS GROUPS

group Malmo tended to lower and Tallin to higher
values.
The extent of calcified lesions in the average

coronary artery tended to be greater in Tallin men
and women and lower in Ryazan men and women
when all deaths were considered. This tendency
was well demonstrated in the females of the low
atherosclerosis group. In the other groups there
were less marked inter-town differences. Tallin
men and women in the low atherosclerosis group
tended to have high values, and Ryazan women in
the high atherosclerosis group tended to have low
values.
The prevalence of coronary stenosis was highest

in Malmo men and women and lowest in Ryazan
men and women when all deaths were considered.
Ryazan tended to be low in all but males of the
high atherosclerosis group, where Tallin was lowest
and Malmo was highest. In the females of the high
atherosclerosis group, Tallin was low and Yalta
and Malmo tended to be high. In both high athero-
sclerosis groups Yalta and Tallin tended to be
higher than Prague or Malmo.
The prevalence of stenosis of the left anterior

descending artery, generally the most affected artery,
varied with age and town in the high atherosclerosis
group. In women of the high atherosclerosis group
in Ryazan, stenosis of this artery in the sixth and
seventh decades was found very rarely, but in the
eighth decade they occupied second place after
Malmo. This pattern was thus similar to that in
men but occurred one decade later.

DISCUSSION

As was expected, atherosclerosis of the aorta and
coronary arteries was more marked in persons
who had died from various manifestations of
atherosclerosis, and complicated and calcified
lesions were more frequently encountered, more
intense, and met with at an earlier age than in
persons in whom no disease or changes due to
atherosclerosis had been observed. On the other
hand, all lesions except complicated lesions devel-
oped in parallel in both groups, the difference being

a time lag. Complicated lesions behaved differently
as regards prevalence in the coronary arteries and
extent and prevalence in the aorta and coronary
arteries. In the high atherosclerosis group there
was an early and rapid increase followed by a
slowing down in later years, whereas in the low
atherosclerosis group the opposite occurred. There
was a tendency for the same pattern to occur with
coronary stenosis. It is not surprising that this
should occur in coronary lesions because anyone
with complicated lesions or stenosis is very likely
to appear in high atherosclerosis group. However,
the findings in the aorta were similar.

Inter-town differences for the high and low
atherosclerosis groups were similar to each other
and much the same as for all deaths. The most
marked difference from this general pattern occurred
in coronary stenosis. Instead of Malmo being the
highest and Ryazan being lowest for both men and
women (as was the case when all deaths were con-
sidered), in the high atherosclerosis group Ryazan
men aged 50-54 took third place and Ryazan men
aged 60-69 took top place, while Tallin men were
lowest. Yalta men occupied first place in the low
atherosclerosis group.
Although inter-town differences were similar

in both the high and low atherosclerosis groups,
there were big differences in the mean extent of
different types of lesion. For example, Malmo
women in the low group had more extensive com-
plicated aortic lesions than women in Ryazan and
Yalta in the high group, the extent of these lesions
being about the same as in women in the high
group in Prague and Tallin. This was also the
finding for some other lesions, although the differ-
ences were not very great. Thus, when the low group
is used as a reference group, account must be taken
of the town from which the material comes. The
same applies to a lesser extent to the high group.
Similar geographical differences between corre-
sponding atherosclerosis groups have been observed
in other studies.
The sex differences observed in the low and high

atherosclerosis groups in the prevalence and extent
of the various atherosclerotic lesions were the same
as those in the whole material (see Chapters 2 and 3).
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RESUME

CHAPITRE 4. GROUPES A FORT ET A FAIBLE DEGRE D'ATHE'ROSCLEROSE

L'atherosclerose aortique et coronarienne a e etudi6e
dans deux groupes, le agroupe a fort degre d'athe-
rosclerose> et le <(groupe a faible degre d'athero-
sclerose #. On peut consid6rer que ce dernier represente
les degres fondamentaux d'atherosclerose dans les diff&
rentes collectivites. Le developpement des lesions dans
les deux groupes s'est produit de facon parallele, mais
plus precocement dans le groupe A fort degre d'athe-
osclerose. Les differences selon le sexe sont, pour les

deux groupes, analogues A celles que l'on note pour
1'ensemble des sujets. D'une maniere generale, les
comparaisons entre villes font ressortir une similitude
entre les deux groupes et une similitude avec les groupes
qui reunissent les deces de toute origine, A une exception
remarquable pres: la frequence de la stenose coronaire.
Les resultats indiquent que les groupes peuvent servir de
groupes de reference, mais uniquement si le materiel
d'etude est tire de la meme source.
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