Chapter 8. Atherosclerosis and diabetes mellitus
V. S. ZDANOV & A. M. VIHERT

Diabetes mellitus occurred most frequently in Prague (8.4 %) and Malmd (8.6 %), and
less often in Tallin (3.4 %), Yalta (3.3 %), and Ryazan (2.1 %), these differences not being
connected with differences in age distribution. The extent of raised and calcified lesions in
the coronary arteries and calcified lesions in the aorta in the pure diabetes group was similar
to that in the high atherosclerosis group and significantly higher than in the standardized
average atherosclerosis group. Raised and cakified lesions in the aorta and raised lesions in
the coronary arteries were more extensive in the diabetes group than in the high
atherosclerosis group. In all diabetes groups, stenosis of the coronary arteries and
myocardial lesions occurred much more frequently than in the average atherosclerosis group
but were less common than in the high atherosclerosis group. Coronary thrombosis also
occurred more frequently in the high atherosclerosis group. Diabetes per se and hypertension
were found to have approximately the same effect on the development of atherosclerosis, but
hypertension had a greater effect than diabetes on the development of aortic atherosclerosis.
There were no significant differences in the frequency of coronary stenosis and myocardial
lesions in diabetics and hypertensives. Diabetics of more than 10 years' standing generally
showed more coronary but not more aortic atherosclerosis than those who had had diabetes
for less than 10 years. In insulin-treated diabetics coronary atherosclerosis tended to be
more extensive than in those treated by diet or by tablets, but there was no difference in the
frequency of coronary stenosis and thrombosis and myocardial and cerebrovascular lesions.

Success in the treatment of diabetes mellitus has
led to an increase in the life span of patients. Before
the advent of insulin most diabetics died from coma,
tuberculosis, or other infections, now they die of
cardiovascular diseases. The association between
atherosclerosis and diabetes mellitus is still unclear.
Various investigators have given different reasons
for the frequent associated occurrence of diabetes
mellitus and advanced atherosclerosis. Many consider that most patients die of cardiovascular diseases, that similar disorders of fatty metabolism
occur with diabetes mellitus and atherosclerosis, that
advanced atherosclerotic changes are demonstrated
post mortem in diabetics, and that all these findings
prove the growing effect of diabetes mellitus on the
development of atherosclerosis (1, 5, 11, 14). On the
other hand, some authors are inclined to regard
atherosclerosis as a factor promoting the development of diabetes mellitus, which would explain the
frequent combination of advanced atherosclerotic
changes and diabetes mellitus (9,10, 15,16). This
view finds some support in the following facts:

3471

-

1. The morbidity of diabetes mellitus is much
more marked in people aged 50 years or older, i.e.,
at an age when atherosclerotic changes are often
already advanced.
2. Only rarely is a direct relationship not noted
between the severity and duration of diabetes mellitus and the degree of atherosclerotic manifestation.
3. The clinical signs of atherosclerosis sometimes
precede the development of diabetes mellitus.
4. People suffering from atherosclerosis are frequently shown to have disorders of carbohydrate
tolerance.
5. Changes are observed in the vessels of the
pancreas and its islets in cases with atherosclerosis
and hypertension.
Study of the relation between diabetes mellitus
and atherosclerosis is difficult because diabetes is
often associated with other diseases that can affect
the course of diabetes. Especially frequent is the
occurrence of diabetes mellitus with hypertension,
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Table 24. Number of cases of diabetes mellitus, by age and sex
Group

Age groups-males
30- 40- 50- 60- 70- 80- 90 T
29 39 49 59 69 79 89 99Total

20-

All diabetes

1

4

11

73

Pure diabetes

-

2

5

36

I

-

-

18

46

-

-

7

27

1

2

3

1

2

0

0

Diabetes with
hypertension
Diabetes treated
for less than
1 0 years
Diabetes treated
for 10 years
or more
Diabetes treated
with insulin
(Malmo)
Diabetes treated
with dietor
tablets (Malmo)

159 134
74 70

Age groups-females

20- 30- 40- 50- 60- 70-

80- 90- Total
29 39 49 59 69 79 89 99

30
14

-

412

4

6

57

4

517

3

3

55
28

214

201

10
4

167

-

73

99

26

2

238

37

12

-

114

1

-

4

15

65

77

22

1

185

60

46

7

-

147

2

-

5

26

58

72

22

-

185

12

36

26

6

-

86

2

5

4

9

36

38

8

-

102

5

14

34

21

4

0

81

2

4

1

13

33

31

9

-

93

3

9

36

38

9

0

95

0

0

2

5

24

51

17

-

99

which, as has been shown in Chapter 7, accelerates
the development of the atherosclerotic process.
Moreover, one investigator can only very rarely deal
with a sufficient number of diabetes mellitus cases to
form a reliable opinion on the interrelationship of
the two diseases. The investigation described here
is to a significant degree free of this shortcoming.
Moreover, the associated information available permitted an enquiry into the effect of duration of
diabetes and influence of treatment on the atherosclerotic process.

(2) diabetes of duration 10 or more years (188 cases:
86 men and 102 women), (3) (Malmo only) diabetes
treated by insulin (174 cases: 81 men and 93 women), and (4) (Malmo only) diabetes treated by diet
and/or tablets only (194 cases: 95 men and 99 women). The manifestations of atherosclerosis in these
groups and subgroups were compared with those in
all non-diabetics, in those with hypertension without
diabetes, and in the low, standardized average, and
high atherosclerosis groups.
RESULTS

MATERIAL AND METHODS

In all, 929 subjects (412 men and 517 women) with
diabetes mellitus were studied. They were classified
as follows: (1) all cases of diabetes, (2) cases of
diabetes without associated hypertension (referred to
below as the " pure diabetes" group), and (3) cases
of diabetes in combination with hypertension.a
Table 24 shows the numbers of subjects in the different groups.
To facilitate study of the effect of the duration and
treatment of diabetes, the following subgroups were
considered (Table 24): (1) diabetes of duration up to
10 years (332 cases: 147 men and 185 women),
a Some cases were not included in groups (2) or (3) because
of the absence of data regarding the presence or absence of
hypertension (see Chapter 1).

Prevalence of diabetes in different towns
In Malmo and Prague diabetes occurred with
almost equal frequency in 8.6 % and 8.4 % of natural
deaths, this being more frequently than it occurred
in Ryazan (2.4%), Yalta (3.3 %), and Tallin (3.4%).
It was more frequent in women than in men
(Table 25). The lower frequency of diabetic deaths
among the residents of these three towns might be
because in Tallin and Ryazan a high proportion of
autopsies were carried out in those dying at or
before age 69-while diabetes (especially in women-53.1 % of all cases of diabetes) frequently occurred after the age of 69. However, if the 50-69 age
group is considered, it can be seen that there were far
fewer cases of diabetes in Tallin, Ryazan, and Yalta
than in Prague and Malm6 (Table 26).
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Table 25. Frequency (%) of diabetes in cases of natural
death in 5 towns
City

Malmo
Prague
Ryazan
Yalta
Tallin

Males

Females

and females

7.5

10.1
9.3
3.1
4.2
4.2

8.6

7.5
1.3

2.5
2.4

8.4

2.1
3.3
3.4

Prevalence of the different types of atherosclerotic
lesion
All diabetics aged 20 years and over had lesions in
the abdominal aorta and left anterior descending
coronary artery. The most frequent changes in the
abdominal aorta occurring in the third, fourth, and
fifth decades of life were fatty streak and fibrous
plaque. In older age groups complicated and calcified lesions predominated. Mild lesions were most
frequent among women and severe lesions among
men.
Comparison of the three diabetic groups with nondiabetics showed that with diabetes there was a
marked tendency towards an increased prevalence of
severe changes, calcification, and complicated lesions
in the abdominal aorta, especially complicated
lesions in women, and a somewhat rapid decrease of
fatty streak and fatty streak with fibrous plaque
only; however, these differences were not' always
statistically significant.
Table 26. Frequency of diabetes in cases of natural
death in the 50-69 age group in 5 towns
Males

city

Total
css
cases

Diabetes
cases

Malmo

1460

114

Prague
Ryazan
Yalta
Tallin

895

68

Females
Total
css
cases

Diabetes
cases

7.8
7.6

927

83

9.0

617

72

11.7

15
16
37

4.9

%

507

9

1.8

412

406

11

2.7

934

30

3.2

325
894

%

3.6
4.1
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The differences were more evident in the left
anterior descending coronary artery than in the
abdominal aorta, especially for calcified lesions in
men. Mild changes (fatty streak only and fibrous
plaque only) occurred much less often in the fifth to
eighth decades in diabetes; these differences were
mostly statistically significant in both men and in
women.
The frequency of various types of atherosclerotic
lesion in diabetics did not vary with the presence or
absence of hypertension, the differences being not
always in the same direction and only rarely statistically significant, but there was a tendency for the
frequency of the severe changes to increase in the
presence of a combination of diabetes and hypertension, especially in the left anterior descending
coronary artery.
Extent of lesions

Comparison of the extent of atherosclerosis and its
complications in the different diabetic groups and in
the low, standardized average, and high atherosclerosis groups on the basis of the standardized
values for the 40-79 age group revealed that the
extent of raised lesions in the aorta in the pure diabetes group was similar to that in the standardized
average atherosclerosis group in men and women. On
the other hand, in the presence of a combination of
diabetes and hypertension, atherosclerosis was more
extensive than in the pure diabetes group and also
more extensive than in the high atherosclerosis
group, the differences being statistically significant.
Diabetes also exerted a definite influence on the
extent of calcification in the aorta, which was increased, especially when diabetes was combined with
hypertension.
The effect of diabetes was much greater in the
coronary arteries than in the aorta. In the pure
diabetes group, raised and calcified lesions were
much more extensive than in the low and standardized average atherosclerosis groups and as extensive
as in the high atherosclerosis group. Hypertension
increased this effect; in the diabetes and hypertension group the extent of raised lesions in men and
women was greater than that in the high atherosclerosis group, although there was no difference
between these groups as regards calcified lesions. On
the other hand, stenosis of the coronary arteries,
even in the diabetes with hypertension group and
especially in the pure diabetes group, occurred less
frequently than in the high atherosclerosis group but
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significantly more often than in the standardized
average group.
The frequency of fresh myocardial infarction and
myocardial scars was lower in the pure diabetes and
diabetes with hypertension groups than in the high
atherosclerosis group but somewhat more frequent
than in the standardized average group, all the
differences being statistically significant.
The heart weight in the pure diabetes group was
somewhat higher than in the low atherosclerosis
group but lower than in the standardized average
and high atherosclerosis groups. However, when
hypertension was also present the heart weight was
higher than in the high atherosclerosis group.
Inter-town differences for diabetics were small and
usually not statistically significant.
Young diabetics
There were only 36 diabetic deaths in the age
group 20-49 years. Detailed age and sex analysis was
not possible with so few cases covering such a wide
age span but it was possible to make a comparison
with the low atherosclerosis group that took into
account age and town differences. Fig. 8 shows that
raised lesions in diabetics were usually more extensive in the average aorta and average coronary
artery, the difference being statistically significant,
whereas inter-group differences for calcified lesions
and stenosis of the coronary arteries were not statistically significant.
Comparison of atherosclerosis in diabetes with and
without hypertension
No differences were observed between diabetics
with and without hypertension in the prevalence of
atherosclerotic lesions in the abdominal aorta and
left anterior descending coronary artery. Out of 128
comparisons between groups, statistically significant
differences (of different patterns) occurred in only
6 cases.
Atherosclerosis in the average aorta was more
extensive in the diabetes with hypertension group
than in the pure diabetes group. This finding was
noted in both sexes for the total amount of atherosclerosis and for raised lesions, and in women also
for complicated and calcified lesions. A total of
96 comparisons were made between the groups for
all types of atherosclerotic lesion in both parts of the
aorta; in the pure diabetes group the lesions covered
a bigger area in only 12 comparisons (none was
statistically significant), but in the diabetes with
hypertension group they did so in 84 comparisons

E-:.: Raised lesions

M

Calcified lesions

Fig. 8. Extent of atherosclerosis (raised and calcified
lesions) in the average aorta and average coronary
artery in all diabetics (DM) aged 20-49 years and in
members of the low atherosclerosis groups (LAth)
with the same age and town composition.

(in 27 comparisons the differences were statistically

significant.)
In the coronary arteries the differences between
the groups were small and in different directions;
statistically significant differences were noted in only
11 out of 144 comparisons (in 4 the changes were
marked in the pure diabetes group, and in 7 they
were marked in the diabetes with hypertension
group).
Thus, diabetes and hypertension were found to
have approximately the same effect on coronary
atherosclerosis but hypertension had a greater effect
than diabetes on the development of aortic atherosclerosis, as was also shown by the absence of any
real differences between the groups regarding frequency of coronary stenosis, coronary thrombosis,
and myocardial lesions. Cerebrovascular lesions, on
the other hand, occurred more frequently in the
diabetes with hypertension group than in the pure
diabetes group.
It must, however, be noted that the pure diabetes
group was less homogeneous than the diabetes with
hypertension group. It included both those who died
of diabetes and those who suffered from diabetes but
died from infections, malignant tumours, and other
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diseases. Further subdivision of the diabetes groups
impossible because of the small number of cases.

was

Influence of duration of the diabetes
The diabetics were divided according to whether
they had suffered from the condition for less or more
than 10 years (Table 24). There were no real differences in the prevalence or extent of atherosclerotic
lesions in the aorta in women, but in men raised
lesions were more extensive in those with a long
duration of diabetes. In the coronary arteries the
difference between the groups was more prominent
and atherosclerosis in those who had had diabetes
for 10 or more years was significantly higher than in
those with a shorter history of the disease.
Coronary stenosis and myocardial lesions occurred with somewhat greater frequency in those who
had had diabetes for 10 or more years than in those
with a shorter history. No real differences were observed between the two subgroups in the frequency
of cerebrovascular lesions.
It therefore appeared that the duration of diabetes
had some association with the development of
atherosclerosis, especially in the coronary arteries,
and of myocardial lesions.
Effect of treatment of diabetes
The number of subjects in the two groups is
shown in Table 24. The comparison did not show
any significant differences as regards aortic artherosclerosis between those treated with insulin and
those treated by diet or tablets only.
Coronary atherosclerosis was usually somewhat
more extensive in the insulin group; 72 comparisons
were carried out between the subgroups on the three
coronary arteries-in 48 cases changes were greater
in the insulin group (9 comparisons were statistically
significant), in 22 comparisons they were greater in
the non-insulin group (none were statistically significant), and in 2 comparisons the changes in the
groups were equal. Differences in the prevalence of
coronary stenosis, coronary thrombosis, myocardial
changes, and cerebrovascular changes were not great
but the lesions were more frequent (occurring in
two-thirds of comparisons) in the non-insulin group
than in the insulin group.
Frequency of thrombosis of the coronary arteries
varied little between the different diabetic groups; it
was higher than in non-diabetics but much lower
than in the high atherosclerosis group. Since cerebrovascular lesions are mainly related to hypertension, there was a higher frequency of cerebrovascular

lesions in the diabetes with hypertension group,
while the pure diabetes group differed little from
non-diabetics in this respect.
DISCUSSION

The frequency of diabetes mellitus in reported
autopsy material varies widely from 1.9% to 10.4%
(7, 20, 22). In the five towns studied the frequency of
diabetes in natural deaths varied from 8.4-8.6%
(Malmo and Prague) to 3.3-3.4% (Yalta, Tallin) and
2.1 % (Ryazan). The differences were not dependent
on age distribution because the data obtained for
ages 50-69 gave similar results.
As in other investigations, the severity of atherosclerosis was found to be greater in diabetics than in
non-diabetics.
Diabetes and hypertension are very often observed in the same patients, which supports the
opinion that in part the severity of atherosclerosis in
diabetes is related to hypertension. In the International Atherosclerosis Project study significant
differences were found between diabetics and nondiabetics when cases with hypertension were removed (19). In the present study, where the three
groups of diabetics were compared with the three
atherosclerosis reference groups, atherosclerotic
lesions were found to be more extensive in diabetics
than in the low and standardized average atherosclerosis groups. The comparison between the pure
diabetes group and the average and high atherosclerosis groups showed that diabetesper se was associated with the development of atherosclerosis, especially in the coronary arteries. In particular, diabetes
was associated with the development of calcified
lesions in both the aorta and the coronary arteries
and its extent was significantly greater in the pure
diabetes group than in the average atherosclerosis
group but was somewhat lower than in the high
atherosclerosis group.
These findings do not confirm the opinion of some
investigators (6, 18) that the severity of atherosclerosis in patients with diabetes is mostly connected
with hypertension and not diabetes per se. Our data,
as well as the data of other authors (13, 19, 22),
suggest that diabetes per se accelerates the development of atherosclerosis.
On the other hand, the combination of diabetes
and hypertension had a more evident influence on
the progress of atherosclerosis, and in the diabetes
with hypertension group atherosclerosis was even
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more extensive than in the high atherosclerosis
group, except for calcified lesions of the coronary
arteries, which were similar in the two groups.
In subjects with hypertension (without diabetes)
and in the pure diabetes group the extent of atherosclerosis in the coronary arteries, coronary stenosis,
and myocardial lesions was very similar, but atherosclerotic lesions in aorta were somewhat more extensive in those with hypertension, i.e., hypertension
and diabetes have approximately the same effect on
the development of coronary, but not aortic, atherosclerosis.
The prevalence of coronary stenosis and thrombosis was greater in the high atherosclerosis group than
in all three diabetes groups. This was because all
cases where diabetes was mentioned were included in
one of the diabetes groups regardless of the cause of
death (coronary heart disease, diabetic coma, infection, tumour, etc.), whereas the high atherosclerosis
group included only deaths connected with atherosclerotic lesions. When the corresponding group of
diabetes is studied (i.e., atherosclerotic deaths in
diabetics) this difference disappears (25).
Data concerning the influence of the duration of
diabetes on the development of atherosclerosis have
been contradictory (2, 3, 4, 8, 12, 16, 27). Our results
suggest that the duration of diabetes does not influence aortic atherosclerosis. But in patients who had
had diabetes for 10 or more years coronary atherosclerosis was more extensive and the prevalence of
coronary stenosis and myocardial lesions was higher
than in patients with a shorter history of diabetes.
This finding is in accordance with the above-mentioned influence of diabetes on the development of
atherosclerosis in the coronary arteries compared
with the aorta.

Opinions also differ regarding the influence of the
severity of diabetes on the development of atherosclerosis and coronary heart disease (4, 10, 17,
21, 23). The present study was not concerned with
data on severity, but it can be assumed that the
disease in subjects treated with insulin was more
severe than in those treated by diet and tablets. The
results were contradictory. The differences in aortic
atherosclerosis in these two groups were insignificant
but coronary lesions were more extensive in the
insulin-treated patients. On the other hand, myocardial lesions tended to be more prevalent in subjects treated with tablets.
The relationship between diabetes and atherosclerosis can also be postulated in the opposite way:
severe atherosclerosis can provoke the development
of diabetes. This view is supported by the frequent
development of diabetes in old patients suffering
from atherosclerosis (9, 15, 24). It is possible that the
higher frequency of diabetes in Malmo and Prague
as compared with the other three towns is connected
with the greater extent of atherosclerosis of the
aorta, and thus perhaps of the splenic artery, in
those towns.
To elucidate the relationship between diabetes and
age, it is important to study atherosclerosis in young
diabetic patients, but the small number of cases
below the age of 50 did not permit such analyses.
The 36 young diabetics (aged 20-49 years) could be
compared only with the low atherosclerosis group.
Raised lesions in the average aorta and average
coronary artery were more extensive in the diabetics.
When hypertensives were excluded from the young
diabetics the differences from the low atherosclerosis
group diminished or disappeared. The findings in an
earlier study were similar (25).

RESUME
CHAPITRE 8.

ATHE'ROSCL1iROSE

Le diabete sucre a ete constate avec la plus grande frequence a Prague (8,4%.) et a Malmo (8,6 %), moins
souvent a Tallin (3,4%Y.), Yalta (3,3%) et Ryazan (2,1 %),
ces variations n'etant pas liees a des differences dans
la distribution des ages. L'importance des lesions saillantes ou calcifiees rencontrees dans les art&es coronaires
et des lesions calcifiees aortiques dans le groupe des
diabetiques purs est similaire a celle que l'on observe
dans le groupe a fort degre d'atherosclerose, et notablement plus elevee que dans le groupe normalise d'ath6rosclerose de degre moyen. Les lesions saillantes ou cal-

ET DIABaTE SUCRE

cifiees dans l'aorte et les lesions saillantes des arteres
coronaires sont plus etendues dans le groupe des diabetiques que dans le groupe A fort degre d'atherosclerose.
Dans tous les groupes diabetiques, la stenose des arteres
coronaires et les 1lsions myocardiques se voient bien
plus frequemment que dans le groupe d'atherosclerose
de degre moyen, mais beaucoup moins couramment
que dans le groupe a fort degre d'ath6rosclerose. La
thrombose coronaire egalement se rencontre plus souvent dans le groupe a fort degre d'atherosclerose. II
apparait que le diabete, par lui-meme, et l'hypertension,
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ont approximativement le meme effet sur le developpement de l'atherosclerose, mais l'hypertension a une
influence plus grande que lui sur l'apparition de l'atherosclerose aortique. Aucune difference notable n'a ete
remarquee dans la frequence de la stenose coronaire et
des lesions myocardiques chez les diabetiques et les
hypertendus. Les malades atteints de diabete depuis plus
de dix ans presentent generalement une atherosclerose
plus developpee dans les coronaires, mais pas dans
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l'aorte, que les sujets diabetiques depuis moins d'une
decennie. Chez les diabetiques soumis a l'insulinotherapie, I'atherosclerose coronarienne est generalement
plus etendue que chez les sujets traites par le regime ou
par comprimes, mais il n'y a pas de difference dans la
frequence de la stenose ou de la thrombose coronarienne
ni dans celle des lesions myocardiques ou vasculocerebrales.
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