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In the present study, we have compared and analyzed
published data related to the pathogenesis of the large
vessel disease in diabetes. The prevailing opinion appears
to be that diabetes accelerates the mechanism that leads
to development of classical atherosclerosis. However, as
an alternative, we have amassed data that point to the
presence of a diabetic macroangiopathy. This phenome-
non comprises a constellation of nonatherosclerotic large
vessel abnormalities. Today, we know that accumulation
of periodic acid-Schiff (PAS)-positive material, as lami-
nin, fibronectin, and type IV collagen, occurs together
with hyaluronic acid and various types of connective
tissue and calcium deposition. All these changes occur
independent of the presence of atherosclerosis in the
large vessels of diabetic patients. It seems to us that
these observations emphasize that the concept of a spe-
cific diabetic macroangiopathy is a more fruitful working
hypothesis than the usual theory of a link between ath-
erosclerosis and diabetes. It provides a causal relation-
ship (although the mechanism is unknown) between such
changes and the abnormal metabolism in diabetes and a
background for research strategy and tactics, aiming
finally at the possibility of prevention and/or treatment of
this common and dangerous disease. Diabetes 45 (Suppl.
3):S91-S94, 1996

The very high frequency of heart disease among
diabetic patients is generally acknowledged, and it
is ascribed partly to the extensive presence of
atherosclerotic plaques (1). Before 1970, the prob-

lem of coronary artery disease in subjects with diabetes was
mainly relocated to the atherosclerosis research field. It was
suggested that the abnormalities occur in the lipoproteins
either before or after penetration of the arterial wall, where
the smooth muscle cells develop the atherosclerotic plaque.
Since 1970, however, we have worked on the hypothesis of a
diabetic macroangiopathy that proposes a series of particu-
lar alterations to be present in the arterial wall in diabetes
(2). It is important to emphasize that the concept of diabetic
macroangiopathy is the development of nonatherosclerotic
large vessel abnormalities. These changes may be the back-
ground that increases the susceptibility to atherogenic fac-
tors in those with diabetes.

The phrase "diabetic macroangiopathy" was introduced 25
years ago by Lundbaek (3) as a term for nonatherosclerotic
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changes in the larger blood vessels. It is confusing, however,
that the same term (diabetic macroangiopathy) is also being
used to mean a large vessel disease occurring in diabetic
patients in the form of an early and severe atherosclerosis.
Three important points are relevant for the understanding of
a particular diabetic macroangiopathy. At first, a causal
relationship may exist between the classical metabolic dis-
order of diabetes and the development of vessel wall dam-
age. Second, the changes in the large vessel may be a part of
the diabetic angiopathy that affects the whole vascular
system. However, the abnormalities may be present as a
variety of pictures in various organs. Finally, the alterations
may be specific diabetic phenomena indicating that the
changes in a strict sense of the word only can be seen among
patients with diabetes. However, some of the abnormalities
may be seen in other diseases; nevertheless, the constella-
tion of changes in diabetes has a unique character. This is the
situation with diabetic retinopathy, in which most of the
individual abnormalities can be seen in other diseases.
However, the constellation is so typical for diabetes that the
disease can be diagnosed by ophthalmoscopy. It is notewor-
thy that when diabetic macroangiopathy is considered from
that particular point of view, it is not a complication of
diabetes. It is now an essential part of the disease and may
then be regarded as a long-term manifestation of diabetes.

Most reports have dealt with the prevalence and severity
of arterial disease in diabetic patients as it appears from the
studies performed in Tecumseh, Framingham, and Whitehall
and from the World Health Organization Multinational Study
(4-7). All these studies reported an increased incidence of
heart disease among diabetic patients with an almost equal
affliction of men and women. Recently, two studies have
demonstrated a link between diabetic nephropathy and the
high incidence of cardiac disease (8,9). Most studies on
diabetic patients have been designed to describe aspects of
the lipid-atherosclerosis hypothesis; very few analyses have
focused on the presence of a diabetic macroangiopathy.
Diabetic macroangiopathy has been discussed mainly on the
basis of studies of large arteries of the lower extremities and
of the coronary arteries. It is clear that an elucidation of this
proposed entity is much more easily arrived at by studies of
either young patients in whom atherosclerosis will not blur
the picture or on selected areas of the vessel wall in which
atherosclerosis is not present.

In the late 1940s, Root (10) demonstrated in a study of 83
young diabetic patients (26-34 years of age) a clear-cut
relationship between the duration of diabetes and the per-
centage of calcification. From low roentgenograms of the
large vessels, a more pronounced medial calcification and
lumen reduction of the metatarsal arteries was found among
diabetic patients (11,12). It was disclosed that the linear type
of calcification was observed to be a characteristic phenom-
enon in diabetes, different from the spotty lesions usually
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seen in atherosclerosis. In a later study, the calcium deposi-
tion in tunica media was statistically correlated to a decrease
in the glucose tolerance in a group of NIDDM patients (13).
When the angiographic technique was applied on 47 IDDM
patients, a significant correlation was demonstrated between
uniform narrowing of the femoral artery and the duration of
diabetes (14).

Information about the structural and biochemical changes
in the large vessel wall are of utmost importance for the
understanding of the development of abnormal changes in
the arteries. Thus, we have examined the large coronary
arteries from 10 IDDM patients and 10 nondiabetic subjects
who were matched with regard to sex and age, using a
quantitative morphological procedure (15). Fields of tunica
media with and without atherosclerosis were analyzed. The
area covered by periodic acid-Schiff (PAS)-positive material
was significantly larger in the vessel wall from the diabetic
patients. However, the field occupied by glycosaminoglycans
stained with Alcian blue was significantly reduced in tunica
media compared with vessels from diabetic patients. It
appeared that the histochemical changes were independent
of both the presence of atherosclerosis and the location of
the arterial specimens.

To characterize the PAS-positive glycoprotein in detail,
our studies were expanded using a combination of mor-
phometry and immunohistochemistry (16). The area fraction
of fibronectin was obtained from tunica media of aorta from
a group of NIDDM and IDDM subjects. A larger area of
fibronectin was demonstrated in tunica media without ath-
erosclerotic plaque from subjects with diabetes compared
with those without diabetes.

The diabetic microangiopathy that is considered to be a
specific diabetic phenomenon has, as the histopathological
denominator, the presence of a PAS-positive but glycosami-
noglycan-poor deposition in the vessel wall. The same phe-
nomenon, a wide reaction for PAS-positive glycoprotein and
a reduced area of the glycosaminoglycans, seems to occur in
the tunica media from the larger blood vessels from subjects
with diabetes. This is in agreement with our proposed
concept of the presence of a diabetic macroangiopathy in the
larger vessels.

Various biochemical approaches, including extraction pro-
cedures and enzyme-linked immunosorbent assay (ELISA)
techniques, have been applied on tissue from the aorta. It
seemed that fibronectin occurred in larger amounts in tunica
media without atherosclerotic plaque from diabetic subjects
compared with the nondiabetic individuals (16). Collagen
type IV, a specific marker for the basement membrane, was
isolated from a group of IDDM and NIDDM subjects. The
results demonstrated that the quantity of type IV collagen
was increased in tunica media without atherosclerosis from
the diabetic individuals compared with nondiabetic subjects.
In contrast, the amount of type IV collagen was the same in
tunica intima. The concentration of type V collagen was
unchanged comparing diabetic and nondiabetic subjects
(17).

The amount of glycosaminoglycans was evaluated in tu-
nica media with and without atherosclerotic plaque using the
classical cellulose-acetate technique. The aortas were ob-
tained from 15 diabetic patients (7 with IDDM and 8 with
NIDDM). There was a relative and absolute increase in the
quantity of hyaluronic acid in normal tunica media from
individuals with IDDM. A significant positive correlation was

found between the content of hyaluronic acid and duration
of diabetes but not to age. In tunica media with atheroscle-
rotic plaque, a significantly increased proportion of dermatan
sulfate and reduced hyaluronic acid was seen in diabetic
than in nondiabetic patients (18).

It has been demonstrated in clinical studies that the large
vessels are more stiff in patients with than without diabetes
(19) and can be correlated to the duration of diabetes (20).
Increased stiffness was observed in areas without atheroscle-
rotic plaque from subjects with diabetes, using biomechani-
cal techniques (21).

Our data raise two important questions. First, what is the
functional consequence of the changes in the extracellular
matrix around the smooth muscle cells? Second, are the
alterations a result of the diabetic metabolism disorder?

We have tried to elucidate part of the second question
using tissue cultures of aortic smooth muscle cells. Collagen
type I and type III are the main collagen types in the vessel
wall. We have therefore investigated the effect of normoli-
pemic serum from diabetic and nondiabetic individuals on
the synthesis of these collagen types. The data demonstrated
that serum from patients with diabetes contains one or more
factors that increase the production of type I collagen from
rabbit aortic smooth muscle cell culture. The synthesis of
fibronectin was significantly enhanced, but the collagen type
III secretion unchanged. A series of factors were conse-
quently tested for the effect on the synthesis rate of collagen
from the rabbit aortic smooth muscle cell cultures. Insulin
and growth hormone both acted, but in opposite directions.
Growth hormone increased the synthesis of type I collagen
and fibronectin, whereas a reduction was seen after insulin
addition. Glucose and ketones had no influence on the
synthesis of either components (22).

The individual smooth muscle cells in the arterial wall are
surrounded by a basement membrane. The basement mem-
brane in the glomerulus is a PAS-positive structure that
contains components as fibronectin, laminin, type IV colla-
gen, entactin, and heparan sulfate proteoglycans (Perlecan)
(23). The basement membrane from the cultures of arterial
smooth muscle cells was isolated by a modification of the
sonication differential centrifugation technique (24). This
procedure has previously been used with great success for
the isolation of the glomerular basement membrane from
kidneys (25). We have characterized the basement mem-
brane around the arterial smooth muscle cells with respect
to protein, amino acids, and monosaccharides and glycos-
aminoglycans (24,26,27).

The synthesis of this arterial basement membrane was
studied using normolipimic serum from a group of IDDM and
NIDDM patients, as well as nondiabetic individuals (28). It
turned out that serum from both types of patients with
diabetes enhanced the synthesis of the basement membrane.
However, growth hormone at 1 ng/ml increased the synthesis
of basement membrane material, whereas the production
was unaffected by glucose, insulin, glucagon, and ketones
(29,30). It was shown that the increased incorporation of
radioactive amino acid into the basement membrane struc-
ture could be partly ascribed to a reduced degradation. To
describe the degradation in more detail, the endocytosis rate
was measured after growth hormone addition. However, no
influence could be demonstrated, and the same result was
obtained when the activity of the lysosomal enzymes was
estimated. Presently, it is not known how growth hormone
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mediates its effect on the degradation of basement mem-
brane. In a series of investigations, radioactive glucosamine
and sulfate were used as precursors. When growth hormone
was added at a concentration of 1 ng/ml, the incorporation
rate was decreased for both substances, which indicates that
growth hormone reduced the glucosamine- and sulfate-
containing components in the basement membrane.

In recent years, the effect of growth hormone has been
suggested to be mediated through IGF-I. However, in diabe-
tes, the IGF-I level in serum is either normal or reduced, but
the concentration around the cells is unknown. The last
point may be of particular interest since many cells, includ-
ing the arterial smooth muscle cells, have been shown to
produce IGF-I.

We have tested the influence of IGF-I at various concen-
trations on the synthesis of the basement membrane from
arterial smooth muscles cells. The results demonstrate that
IGF-I stimulates the synthesis of basement membrane, simul-
taneously with an increased cell growth. However, at pres-
ent, it is unclear whether the growth hormone results are due
to increased synthesis of IGF-I from the smooth muscle cells
or whether it is a direct effect of growth hormone.

In recent years, a number of growth factors have been
discovered and among those is transforming growth factor
(TGF) (5. This component is synthesized by arterial smooth
muscle cells, and the production increased after cell damage
(31). It is also known that the collagen production is en-
hanced, whereas the proliferation of smooth muscle cells is
reduced. The synthesis rate of basement membrane from the
human arterial smooth cells was investigated after supple-
mentation of TGF-p to the cultures. The results obtained
show that basement membrane production is increased
although the growth of cells is reduced (T.L., J.L.A., L.M.R.,
unpublished data). These data are compatible with the
hypothesis that TGF-p can be involved in the development of
diabetic macroangiopathy.

It has been demonstrated that normolipimic serum from
either animals with experimental diabetes or diabetic sub-
jects stimulated growth (32-34). Increased growth was not
obtained with glucose concentrations corresponding to that
seen in patients with diabetes (32,35). The growth effect of
insulin, glucagon, and ketone bodies was investigated in the
same in vitro system. The results obtained show the same
effect of 10% serum and 10% serum added with either 10,100,
200, or 2,000 (xU/ml insulin. Moreover, when serum was used
from patients with recent-onset diabetes with a insulin
concentration of 0 or 0.6 |xU/ml, higher growth was still
obtained compared with serum from nondiabetic subjects
(36). It seems that the growth factor in serum from diabetic
patients cannot be insulin, although previous studies have
arrived at the opposite result (31,37,38).

In 1970, the increased serum growth hormone level was
put forward as one causal factor for the development of
diabetic angiopathy (18). Consequently, we have studied the
effect of various concentrations of growth hormone added to
10% serum. It seems clear that increased growth of rabbit
aortic smooth muscle cells occurs with higher concentra-
tions of human growth hormone (39). When the effect of a
neutralizing growth hormone antibody was tested, it became
clear that the increased growth effect of serum from diabetic
patients could be almost abolished (36).

If we put all of these data together, do they then support
the presence of a diabetic macroangiopathy? The results

obtained by morphological and biochemical procedures
show the presence of a series of changes in tunica media.
These alterations seem to be independent of and different
from the alterations seen in presence of atherosclerotic
plaque. Moreover, some of the morphological abnormalities
are similar to those seen in diabetic microangiopathy. The
pathophysiological data are provided from the arterial
smooth muscle cell culture studies. It is not possible, of
course, to go from the in vitro situation to the prevailing
condition in vivo. Nevertheless, the fact is that cell growth
and a large number of the extracellular matrix components
in the vessel wall can be changed. This occurs after addition
of either serum from diabetic patients, hormones, or various
metabolites to the culture system.

The results are compatible with the proposal that the
diabetic macroangiopathy is related to metabolism in diabe-
tes. We find the concept of a particular diabetic macro-
angiopathy more fruitful for generating new experiments
than the idea of diabetes as one of miscellaneous risk factors
in atherosclerosis.
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