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Diabetes affects over 100 million people worldwide (1). Of
these, 5% to 10% have type I diabetes (juvenile diabetes)

and 90% to 95% have type II diabetes, also known as adult-
onset diabetes mellitus. Because of increasing obesity due to
lifestyle changes in children in the United States, it is expected
that the incidence of type II diabetes will increase in the next
few decades, and it is predicted to affect as many as 35% to
40% of the population (2).

Diabetes is associated with the development of accelerated
coronary atherosclerotic artery disease, which results in
increased morbidity and cardiovascular complications.
Angioscopic studies suggest an increased incidence of coronary
thrombosis in diabetics (3). Studies using ultrafast computed
tomography scans have shown a greater extent of calcification
(4). Intravascular ultrasound studies have suggested a decrease
in adaptive remodelling of atheroma in diabetics compared
with nondiabetics (5). Pathological specimens obtained during
coronary atherectomy or carotid endarterectomy have shown

that there is an increase in macrophage infiltration in diabet-
ics compared with nondiabetics (6).

Diabetes results in a variety of metabolic imbalances with
different vascular effects. The combination of hyperglycemia,
elevated free fatty acids and insulin resistance increases oxida-
tive stress, upregulates protein kinase C and activates receptors
for advanced glycosylation end-products (RAGE) (7). Within
the endothelium, there is increased vasoconstriction, adhesion
molecule activation, inflammation, and thrombosis via hyper-
coagulation and platelet activation (7). The mechanisms by
which diabetes cause differences in coronary plaque morphology
are complex and poorly understood, but likely related to the
proinflammatory and prothrombotic diabetic state.

MORPHOLOGICAL FINDINGS FROM THE
REGISTRY OF SUDDEN CORONARY DEATH

We have recently reported morphological findings from our sud-
den coronary death registry in both type I and type II diabetics
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The incidence of diabetes is increasing in the general population

because of increasing obesity, and is likely to result in a higher inci-

dence of coronary artery disease. It was recently reported that diabet-

ics (types I and II) dying suddenly from coronary artery disease have

greater macrophage and T lymphocyte infiltration in atherosclerotic

plaques, as well as larger necrotic cores compared with nondiabetics.

The inflammatory cell infiltrates showed human leukocyte antigen-DR

expression, which was greater in diabetics. The receptors for advanced

glycosylation end-products expression, demonstrated by immunohis-

tochemistry, was greater in diabetics than in nondiabetics in

macrophages, smooth muscle cells and endothelial cells, and was asso-

ciated with apoptosis of macrophages and smooth muscle cells, but not

of endothelial cells. There is also a higher incidence of healed plaque

ruptures and healed myocardial infarct in type II diabetics. Plaque bur-

den is higher in diabetics than in nondiabetics; however, distal plaque

burden was only significantly different in type II diabetics compared

with nondiabetics. There was greater positive remodelling in diabetic

coronary arteries than in nondiabetic ones, which correlated with the

per cent necrotic core. Further studies are needed to better understand

the mechanisms that govern greater inflammation and plaque burden

in diabetics.
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Caractéristiques morphologiques de
l’athérosclérose coronarienne dans le diabète sucré

L’incidence du diabète est en hausse dans la population générale à cause de

l’augmentation des cas d’obésité, et elle risque fort d’entraîner à sa suite

une forte incidence de la maladie coronarienne. On a récemment signalé

que comparativement aux non-diabétiques, les diabétiques (de type I et de

type II) décédés subitement de coronaropathie présentaient une

infiltration plus importante des macrophages et des lymphocytes T dans

leurs plaques d’athérome et des noyaux nécrotiques plus volumineux. Les

infiltrats cellulaires inflammatoires ont révélé une expression plus marquée

de l’antigène HLA-DR chez les diabétiques que chez les non-diabétiques.

Les récepteurs de l’expression des produits terminaux de la glycosylation

avancée observés en immunohistochimie étaient plus présents dans les

macrophages, les cellules des muscles lisses et les cellules endothéliales des

diabétiques que des non-diabétiques et étaient associés à l’apoptose des

macrophages et des cellules des muscles lisses, mais non des cellules

endothéliales. On note en outre une incidence plus forte de plaques

rompues cicatrisées et d’infarctus du myocarde cicatrisés chez les

diabétiques de type II. Le rôle de la plaque est plus important chez les

diabétiques que chez les non-diabétiques. Par contre, la différence ne s’est

révélée significative qu’entre les diabétiques de type II et les non-

diabétiques. On a noté un remodelage positif plus marqué au niveau des

coronaires des diabétiques, phénomène qui était en corrélation avec le

pourcentage de noyaux nécrotiques. Il faudra poursuivre la recherche pour

mieux comprendre les mécanismes qui sont à l’origine de l’inflammation

plus marquée et du rôle plus prépondérant de la plaque chez les

diabétiques.
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and compared these with age- and sex-matched nondiabetics
dying suddenly from coronary artery atherosclerotic disease
(8). The basis for inclusion into the registry of sudden coronary
death included either presence of an acute coronary thrombus
or severe coronary atherosclerosis (one or more epicardial
arteries with 75% or more cross-sectional luminal narrowing)
and the absence of noncoronary causes of death at autopsy or
prior surgery. Sixty-six diabetics were selected on the basis of
history of type I diabetes mellitus treated with insulin, or the
presence of type II diabetes. Type II diabetes was ascertained by his-
tory of oral hypoglycemics, or postmortem glycohemoglobin 10%
or higher in the absence of type I diabetes. A total of 16 patients
had type I diabetes, 50 had type II diabetes, and the findings in
these patients were compared with 66 age- and sex-matched
nondiabetics that were dying from severe coronary artery dis-
ease (Table 1). The body mass index was higher in type II dia-
betics than in nondiabetics. The rate of smoking and
hypertension were similar in nondiabetics and diabetics (Table 2).
There was a trend toward higher total cholesterol and lower
high density lipoprotein (HDL) cholesterol in type II diabet-
ics. The ratio of total cholesterol to HDL cholesterol was sig-
nificantly higher in type II diabetics than in nondiabetics.

Acute thrombi due to rupture or erosions were relatively
uncommon in type I diabetics (Table 3); in type II diabetics,
the proportion of ruptures was similar to that of nondiabetics,
however, plaque erosions were significantly less frequent. The
mean heart weight was significantly increased in type II dia-
betes; and healed infarcts were significantly more frequent in
type II diabetics.

The mean per cent plaque area composed of necrotic core was
greater in type I (P=0.05) and type II (P=0.004) diabetics com-
pared with nondiabetics (Table 4). The mean per cent calcified
area was greatest in type II diabetics and smallest in type I dia-
betics, but the differences were not significant (P≥0.1). The
mean number of fibrous cap atheromas was greater in type II dia-
betics than in nondiabetics (P=0.02) (Table 4). The number of
healed plaque ruptures was greater in type II diabetics (Table 4).

By multivariate analysis, there was a positive correlation
between mean per cent necrotic core size and glycohemoglobin,

independent of total cholesterol/HDL cholesterol, HDL cho-
lesterol, age, smoking and sex (P=0.005, T=2.9). There was a
similar correlation with body mass index (Table 5). There was a
strong correlation between macrophage area and glycohemoglo-
bin (P=0.004, T=2.9; Table 5). There was a stronger relation-
ship between numbers of fibrous cap atheromas and total
cholesterol/HDL cholesterol (Table 5) than with other risk fac-
tors, including glycohemoglobin.

The present study demonstrates that type II diabetics dying
suddenly with severe coronary disease have extensive disease,
including distal involvement of their coronary arteries, com-
pared with nondiabetics. Part of the reason for increased
plaque burden may be because of the observed high rate of
healed plaque ruptures, indicating subclinical ruptures that
may participate in plaque progression (9). The effect of dia-
betes on plaque burden has been demonstrated by calcium
imaging studies (10). The implications of these findings are
unclear, but suggest a direct atherogenic effect of type II dia-
betes, probably related to the development of lipid-rich cores.
The known risk of diabetics following coronary artery bypass
graft surgery (11,12) may in part be due to distal disease, as
shown in our study, which may impair blood flow distal to graft
anastomoses.

REMODELLING
In our sudden death registry, the mean ± SD of the internal
elastic lamina (IEL) area adjusted for the distance from the
coronary ostium was greater in type I and II diabetics than in
nondiabetics (18.2±6.6 mm2, 16.5±4.4 mm2 and 16.0±4.5 mm2,
respectively). The mean IEL was also significantly greater in
type I (P=0.001) and type II diabetics (P=0.01). By multivari-
ate analysis, there was a correlation between type I diabetes
and IEL area independent of heart weight, plaque area, per
cent necrotic core and per cent plaque calcification
(P=0.0004). This analysis (per cent necrotic core, P=0.05;
plaque area, P<0.0001; and heart weight, P=0.05) showed a
positive correlation with IEL area. Clinical studies have shown
that diabetes is associated with positive or a negative (absence)
of remodelling (13,14). Our findings support the notion that
diabetics are more likely to show positive remodelling. These
data are consistent with previous findings from our laboratory
that the necrotic core and macrophage infiltrates are associated
with expansion of the IEL independent of plaque size (15).

INFLAMMATORY INFILTRATE IN DIABETICS
In our studies from the sudden death registry, the mean per
cent plaque area composed of necrotic core was greater in type I
(P=0.05) and type II (P=0.004) diabetics than in nondiabetics.
Macrophage plaque area and T-cell infiltration were also sig-
nificantly greater in diabetics than in nondiabetics (P=0.03),

TABLE 1
Patient characteristics

Characteristics Type I DM Type II DM No DM

Patients (n) 16 50 66

Age ± SD (years) 50.3±13.2 50.2±11.0 50.6±12.3

Female sex (%) 25 30 29

Black (%) 20 30 29

Body mass index ± SD (kg/m2) 25.6±6.4 30.5±7.41* 26.6±5.4

*P=0.001 versus those with no diabetes mellitus (DM)

TABLE 2
Association between diabetes and other risk factors

Risk factors Type I DM P* Type II DM P* No DM

Glycohemoglobin ± SD (%) 12.2±2.5 0.0001 10.7±2.6 0.0001 6.2±0.6

Smokers (%) 42 0.4 58 0.8 55

Hypertension (%) 29 0.9 35 0.6 30

Total cholesterol ± SD (mg/dL) 183±52 0.3 227±83 0.3 211±79

High density lipoprotein cholesterol ± SD (mg/dL) 37±14 0.8 33±16 0.1 38±18

Total cholesterol/high density lipoprotein cholesterol ± SD (mg/dL) 5.8±2.9 0.7 7.9±3.9 0.02 6.3±3.4

*Versus those with no diabetes mellitus (DM)
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along with human leukocyte antigen-DR expression (Figure 1).
The fact that T-cell infiltration was greater in type I diabetics is
consistent with the fact that type I diabetes is an autoimmune
disease with a common genetic susceptibility to other disor-
ders, like autoimmune thyroiditis, which may also be of patho-
physiological significance in coronary plaque pathology
(Figure 1).

Cipollone et al (16) have shown that carotid plaques from
diabetics have more macrophages, T lymphocytes and human
leukocyte antigen-DR-positive cells (P<0.0001), more
immunoreactivity for RAGE (P<0.0001), activated nuclear
factor-kappa B, cyclooxygenase-2(COX-2)/membrane-associated
protein eicosanoid and glutathione metabolism synthase-1
(mPGES-1), and matrix metalloproteinases (MMPs),
increased (P<0.0001) gelatinolytic activity, reduced
(P<0.0001) collagen content, and increased (P<0.0001) lipid
and oxidized low density lipoprotein content (16).
Interestingly, RAGE, COX-2/mPGES-1 and MMP expression
were linearly correlated with plasma concentration of hemo-
globin A1c (16). Therefore, in humans, carotid diabetic
plaque RAGE overexpression, along with enhanced inflamma-
tory reaction and COX-2/mPGES-1 expression in
macrophages, may contribute to plaque destabilization by

Coronary atherosclerosis in diabetes mellitus
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TABLE 3
Incidence of acute thrombi, heart weight and healed infarcts

Type I DM P* Type II DM P* No DM

Acute plaque ruptures (%) 6 0.09 32 0.6 27

Erosions (%) 6 0.02 12 0.04 29

Heart weight ± SD (g) 425±119 0.7 524±140 0.004 434±121

Corrected heart weight† ± SD (g) 428±94 0.3 508±134 0.03 460±106

Healed infarcts (%) 33 0.7 73 0.0001 37

*Versus those with no diabetes mellitus (DM). †Corrected for body weight

TABLE 4
Plaque characteristics

Type I DM P* Type II DM P* No DM

Necrotic core plaque area, mean ± SD (%) 12.0±5.7 0.05† 11.6±8.4 0.004† 9.4±9.3

Calcified matrix plaque area, mean ± SD (%) 7.8±9.1 0.9† 12.1±11.2 0.05† 11.4±13.5

Macrophage plaque area, mean ± SD (mm) 0.15±0.02 0.03† 0.13±0.03 0.03† 0.10±0.02‡

Fibrous cap atheroma, n ± SD 7.1±5.0 0.9 8.8±4.3 0.02 6.9±4.7

Thin cap atheroma, n ± SD 1.0±1.3 0.5 0.8±0.8 0.8 0.7±0.8

Healed plaque ruptures, n ± SD 2.6±2.1 0.2 2.6±1.8 0.04 1.9±1.8

Total plaque burden ± SD (%) 275±129 0.04 358±114 0.0001 232±128

Distal plaque burden ± SD (%) 310±114 0.8 630±263 0.0001 331±199

*Versus those with no diabetes mellitus (DM). †P calculated using log normalized data; ‡P=0.006 versus type I and II diabetes combined

TABLE 5
Relationship of risk factors, including diabetes, to plaque
characteristics: A multivariate analysis

Necrotic core Macrophage
area, % of area, % of Fibrous cap

plaque area plaque area atheromas, n
T           P T           P T        P

Glycohemoglobin (%) 2.8 0.005 2.9 0.004 1.7 0.09

Total cholesterol/HDL 2.5 0.01 1.3 0.19 3.0 0.0003

cholesterol

Body mass index 3.5 0.006 1.5 0.14 0.57 0.57

Smoking –0.4 0.7 –0.6 0.5 –1.1 0.24

Age –1.2 0.2 –5.4 0.0001 –1.2 0.2

HDL High density lipoprotein
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Figure 1) Top Coronary lesions (fibroatheromas) illustrating the
extent of inflammatory infiltrate (macrophages [MACs] and T cells
[CD45RO]) and human leukocyte antigen-DR (HLA-DR) expression
in patients with type I and II diabetes mellitus (DM) and nondiabetics.
Bottom Bar graph showing a semiquantitative comparison of the extent
of macrophage and T cell infiltration, and HLA-DR expression in coro-
nary arteries from diabetics and nondiabetics. Plaque T cell infiltration
was maximal in type I diabetics, while HLA-DR expression is signifi-
cantly higher in type I and II diabetics
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inducing culprit metalloproteinase expression. Also, experimen-
tal studies of murine models of diabetic aortic atherosclerosis
have demonstrated that RAGE blockade by soluble RAGE
decreases atheroma formation (17). The same group has also
shown again in carotid atherosclerotic plaques that
prostaglandin E2 pathway was significantly prevalent in symp-
tomatic carotid plaques, whereas the platelet-derived growth
factor 2 pathway was overexpressed in asymptomatic ones, and
was associated with nuclear factor-kappa B inactivation and
MMP-9 expression (18). In vitro COX-2 inhibition in mono-
cytes was associated with reduced MMP-9 release only when
the platelet-derived growth factor 2 pathway overcame
prostaglandin E2. These results suggested to the researchers
that COX-2 may have proinflammatory and anti-inflammatory
properties as a function of expression of downstream
prostaglandin H2 isomerases (18).

Recently, it has been demonstrated that extracellular newly
identified RAGE-binding protein (EN-RAGE, or S100 A12)
is a natural ligand for RAGE and is a proinflammatory
cytokine expressed especially in macrophages (19). An associ-
ation between soluble S100 proteins and human inflammatory
bowel disease has been demonstrated (20). The interactions
between S100 Ca2+-modulated proteins and RAGE receptors
in the fine regulation of leukocyte trafficking and prolifera-
tion has been reviewed (21), but the role of EN-RAGE in
atherosclerosis-related inflammation has not been studied. We
applied immunohistochemical antibodies against RAGE and
EN-RAGE (S100 A12) to coronary plaques of diabetics and
nondiabetics (8). Although RAGE was found localized to
macrophages, smooth muscle cells and endothelial cells, in
both diabetics and nondiabetics, the overall expression of

RAGE, as graded semiquantitatively, was significantly greater
in diabetics (16.8±6.2 for diabetics and 10.0±6.1 for nondia-
betics; P=0.004). Extensive RAGE staining was noted in the
macrophages and necrotic core of diabetics and nondiabetics
but the expression was dependent on the extent of cellular
infiltration. Fewer smooth muscle cells expressing RAGE were
observed but were greater in type II diabetics. RAGE expression
was often associated with apoptotic smooth muscle cells and
macrophages, whereas endothelial cells positive for RAGE were
generally negative for apoptosis. EN-RAGE expression was most
prominent in macrophages and, to a lesser degree, in smooth
muscle cells in the core regions of plaques from diabetics.

The role of RAGE/EN-RAGE upregulation in atheroscle-
rotic plaque is likely complex, and associated with both apop-
tosis and necrotic cell death; the precise triggers of the
inflammatory response, which culminate in the formation in
some plaques of large necrotic cores and in others, in fibrocal-
cific plaques, remain unknown.

SUMMARY
Diabetes is associated with greater inflammatory infiltrate
(macrophages and T lymphocytes), larger necrotic core size
and more diffuse atherosclerosis in the coronary arteries.
Severe coronary atherosclerosis in diabetics is accompanied
by the presence of healed myocardial infarction and car-
diomegaly. Further studies are needed to better understand
the relationship of hyperglycemia and insulin resistance to
the greater induction of inflammation seen in atherosclerotic
arteries and controlling of either or both would result in a
decrease in inflammation in atherosclerotic plaques over-
time.
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