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Abstract:

Diabetes, with hyperglycemia as its hallmark, is a major risk factor for ischemic heart disease. The role of coronary disease in the

adverse prognosis of diabetes is controversial although the higher prevalence and extension of coronary atherosclerosis is well

recognized. The paper reviews the available evidence of coronary involvement in diabetes with particular emphases on

microcirculation.

Several studies, mainly in type 2 diabetes, have documented a reduced coronary flow reserve even in absence of coronary

obstructive disease and using different techniques. Microcirculatory dysfunction affects the left ventricle globally as well as

regionally. However, neither the prevalence of such abnormality in the diabetic population nor its time course and its prognostic

value have been investigated in specifically addressed studies. In fact, a relatively large number of studies on myocardial perfusion

performed by single-photon myocardial scintigraphy in asymptomatic diabetics rather address the problem of the prevalence of

silent ischemia and its prognostic value. In spite of such limitation it can be speculated from the few available studies with known

coronary anatomy that the prevalence of exclusively regional disturbances of perfusion (scintigraphic defects) in absence of

obstructive coronary disease is not marginal as it ranges from 11 to 63%. Extensive research is still required to define the

pathogenesis and the actual clinical relevance of coronary microcirculatory dysfunction in diabetes.
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Introduction

Up to 80% of diabetic patients die from cardiovascu-

lar diseases [27]. The relative risk of cardiac mortality

in diabetics, as compared to non diabetics, is from 5 to

3 times higher depending on the number of other clus-

tered risk factors (Fig. 1) [39], while both the early

and late case fatality rate of acute myocardial infarc-

tion (MI) are twice as higher [2, 3, 10, 20, 47]. Thus

diabetes, with hyperglycemia as its hallmark, appears

to be a major risk factor for ischemic heart disease

and for the adverse outcome following MI. However,

the multifactorial nature of the disease and its stereo-

typed definition, based on the arbitrary dysaggrega-

tion of factors and the conventional attribution of

cut-off values to biological variables makes results of

studies less clear-cut when different components of

the disease are taken into consideration. As an exam-

ple, the epidemiological findings reported above have
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been challenged by the evolving concept of metabolic

syndrome [30], a condition that from one side over-

laps the old definition of pre-diabetic state and from

the other aggregates, around a glycemic disorder that

does not necessarily satisfy the criteria of diabetes,

multiple cardiovascular risk factors. Vascular disease

actually precedes diabetes and is considered to be re-

sponsible for the 2–3 fold increase in the relative risk

of death in the prediabetic state [7]. In addition, as

shown in Figure 2, once diabetes was dissected from

the metabolic syndrome, the prevalence of ischemic

heart disease in isolated diabetes was no higher than

in subjects without diabetes (8%), in contrast with

a 14% prevalence in isolated metabolic syndrome and

a 19% with the combination of the two [1]. On the

contrary, in patients who already suffered a MI, diabe-

tes had a more fatal prognosis as compared to the

metabolic syndrome, and the late risk of death in the

latter was primarily associated with its transformation

in diabetes over time [21].

From the pathogenetic point of view, beyond the

difficulty of attributing a putative causality role to

each component of the disease, several clinical obser-

vations remain poorly understood. While the excess

of cardiac mortality in diabetes parallels the excess of

coronary atherosclerosis in some reports [29], mortal-

ity after acute MI in other reports appears correlated

with the severity of left ventricular dysfunction but

not with the more extensive coronary disease ob-

served in diabetes, nor with the coexisting additional

cardiovascular risk factors or other end-organ dis-

eases [45]. Moreover, treatment with angiotensin-

converting enzyme (ACE)-inhibitor suppressed the

excess of mortality following infarction without

modifying the metabolic hallmarks of the disease [31,

47]. Thus, in alternative or in adjunction to the coro-

nary macroangiopathy, other pathogenetic mecha-

nisms have been proposed to explain the particularly

high cardiac vulnerability in diabetes, such as coro-

nary microcirculatory dysfunction, reduced myocar-

dial metabolic resistance to ischemia, inflammatory

and immune disorders, insulin resistance, linkage

disequilibrium between diabetes and cardiovascular

disease related genes, or still unknown cardiac risk

factors. The existence of a hypothetical “diabetic fac-

tor” responsible for the myocardial proness to ischemic

and/or metabolic dysfunction remains the subject of

continuing controversy and debate among investigators.

Aim of this paper was to review the available evi-

dence of coronary involvement in diabetes with par-

ticular emphases on microcirculation.

Large coronary artery disease in diabetes

It is widely accepted that atherosclerotic coronary ar-

tery disease is more frequent in diabetic than in non-

diabetic subjects. However, the reason for such an ex-

cess of coronary atherosclerosis is unknown. In a study

on 2253 consecutive patients undergoing diagnostic

coronary angiography (1984 non-diabetics and 269

diabetics), Natali et al. found that type 2 diabetes, as

compared to no diabetes, was associated – especially
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in women and after age adjustment – with more se-

vere and more diffuse coronary atherosclerosis with

a higher prevalence of three-vessel disease [29]. The

prevalence of atherosclerotic lesions stratified by age

is shown in Figure 3. The excess of coronary lesions

could not be explained either by the prevalence of the

other traditional risk factors or by the presence of pro-

teinuria, an independent predictor of cardiac death

during the follow-up.

Thus coronary macroangiopathy is magnified by

diabetes, however its role in the excess of cardiac

mortality remains controversial [29, 45].

In the last decade the presence of an endothelial

dysfunction affecting large coronary arteries has been

ascertained in several conditions linked to cardiovas-

cular diseases including diabetes. This acquisition has

been reached through the documentation of inverted

response (vasoconstriction) of coronary artery seg-

ments to intracoronary injection of acetylcholine [34]

in diabetics with absence of obstructive lesions, as

shown in Figure 4. Although this evidence is not spe-

cific of diabetes but is common to other cardiac risk

factors frequently clustered with diabetes such as arte-

rial hypertension, hyperlipidemia, obesity metabolic

syndrome and smoking, it has been considered an

early precursor of coronary atherosclerosis (pre-

atherosclerotic state).

Coronary microvascular dysfunction in diabetes

It has been suggested that coronary microvascular

dysfunction might contribute to the development of

left ventricular dysfunction through episodes of silent

myocardial ischemia. However, this topic has not

been extensively investigated in diabetes likely be-

cause of the difficulties in documenting microcircula-

tory alterations in the clinical setting.

The study of coronary microcirculation is ap-

proached by the measurement of either coronary pha-

sic flow (velocity) in a single coronary artery (rarely

in the coronary sinus) or by the assessment of myo-

cardial perfusion in the various regions of the left ven-

tricle [18]. By means of such approach, microcircula-

tion can be adequately investigated at the condition

that obstructive disease of large coronary arteries is

ruled out. In this instance in fact, any documented ab-

normality in coronary flow can be directly ascribed to

microvascular abnormality. Obviously, the requirement

of coronary angiography have made the study of mi-

crocirculation, so far, necessarily limited to small num-

bers of symptomatic or high risk diabetic patients.

Flow measurements are usually performed both in

basal conditions and following a stimulation able to

provoke the dilatation (hopefully maximal) of coro-

nary microvessels. The provocative stimulus can be

pharmacological (administration of coronary vasodi-

lator drugs) or physical. The latter is usually muscular

exercise, less frequently cardiac pacing; both lead to

metabolically mediated dilatation through the in-

crease in cardiac oxygen consumption. The response

of coronary flow and thus the coronary flow reserve

(that is simply the ratio between post-stimulus and ba-

sal flows) are considered normal when flow increases

up to at least 2.5 times from baseline.
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Several studies, mainly in type 2 diabetes, have

documented a reduced coronary flow reserve. This is

true for studies that measured intracoronary doppler

flow both invasively [19, 28, 33] or with trans-

esophageal echocardiography [16] as well as for stud-

ies that measured myocardial perfusion by positron

emission tomography (PET) [8, 15, 22, 46]. Many of

the above studies enrolled diabetic patients following

the documentation of angiographically normal coro-

nary arteries, while in the remaining coronary disease

was excluded on clinical basis only. Thus it can be

concluded that microcirculation becomes affected in

diabetes even before the occurrence of coronary athe-

rosclerosis. However, neither the prevalence of such

abnormality in the diabetic population nor its time

course and its prognostic value can be envisaged by

the studies above. This information can only be ob-

tained through studies on myocardial perfusion in

large cohorts of diabetic patients. To this purpose the

conventional single photon myocardial perfusion

scintigraphy (MPS) appears the most adequate means

[42], although the problem of excluding coexisting

coronary stenoses remains.

As compared to PET, MPS is limited by a qualita-

tive or semi-quantitative, rather than quantitative, as-

sessment of myocardial perfusion and its relative

changes within the left ventricular walls upon stress.

Advantages of MPS are the much lower cost and its

broad diffusion. However, MPS studies in diabetes

have been mainly performed in symptomatic patients

with the purpose of detecting coronary disease non

invasively. The published data concerning myocardial

perfusion scintigraphy in diabetics without clinical

evidence of coronary heart disease (so called asymp-

tomatic diabetics) is scarce, and the few studies that

are reported in literature do not specifically address

the problem of microvascular disease in diabetes, but

rather the clinical and epidemiological problem of the

prevalence of silent ischemia and its prognostic value.

A partial review of such scintigraphic perfusion

studies is presented in Table 1. It includes the results

obtained in type 1 or 2 diabetes, mainly in type 2, in

patients with neither history nor symptoms of cardio-

pathy, a category supposed to have a relatively low

prevalence of coronary disease [4–6, 9, 12, 23, 36,

43]. Prevalence of perfusion defects in this series of

studies was significant, ranging from 9 to 58% of

cases, the lowest and highest figures belonging to the

two largest studies. Thus the regional impairment in

coronary flow reserve is present in a sizeable portion

of diabetics without clinical signs of cardiac disease.

However, the attribution of such abnormality to a micro-

vascular disease would be arbitrary because of the

lack of coronary angiography in half of the studies. If

one takes into consideration the studies where coro-

nary angiography was performed in patients with

positive MPS, it appears that from 11 to 63% of posi-

tive MPS contrasted with normal coronary arteries.

This condition that is generally classified as a “false

positive result” (relatively to the presence of coronary

stenosis) might on the contrary be the expression of

true perfusion abnormality. If this is the case, in dia-

betics with no clinical signs of cardiac disease, scin-

tigraphic defects could be potentially ascribed to

microvascular dysfunction in a significant fraction of

the cases. As a matter of fact it should be considered

that the scintigraphic defect becomes apparent only at

the condition that a definite region of the left ventricle

is underperfused relative to the other walls. A global

underperfusion of the left ventricle in fact leads to an

apparently normal (homogeneous) scintigram, at vari-

ance with PET that identifies the perfusion abnormal-

ity due to its ability to quantitate absolute flow. Thus

it can be speculated that the detection of microvascu-

lar alterations can be underestimated by conventional

myocardial scintigraphy.
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Milan Study [23] 925 2 12*
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De Lorenzo et al. [6] 180 1 + 2� 26
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Rajagopalan [36] 1427 1 + 2 58 11 (21/187)
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As far as the pathogenetic role of scintigraphic per-

fusion defects is concerned, mention should be given

to the observation that, in spite of the exposition of

the entire coronary microcirculation to the same sys-

temic metabolic noxa, vascular function may be com-

promised only regionally and that, for the same scin-

tigraphic stress score category (severity and extension

of the defect), diabetic patients tend to have slightly

higher cardiac event rates as compared to non diabet-

ics, suggesting the intervention of adjunctive factors

in the determination of poorest prognosis [13].

In addition to the presence of myocardial ischemia

originating from either large or small coronary vessel

disease, evidence has been also collected on insuffi-

cient microvascular reperfusion in diabetic patients

during acute myocardial infarction [17, 26] and re-

duced collateral vessels’ recruitment following acute

ischemia [44]. These observations could explain the

higher infarct-related mortality and cardiac failure rates

observed in diabetics as compared to non diabetics.

Pathogenetic considerations

The pathogenesis of coronary microcirculatory dysfunc-

tion in diabetes is still unknown. Although the review of

the proposed pathogenetic mechanisms is not an object

of this review, some findings are worth of reporting.

The metabolic hallmarks of diabetes, namely ab-

normal insulin concentration, hyperglycemia and in-

sulin resistance all affect coronary blood flow.

Insulin stimulates myocardial blood flow in nor-

mals [11] and is able to enhance hyperemic myocar-

dial blood flow (adenosine) in a dose-dependent man-

ner, in normal subjects as well as in diabetics with

blunted flow response to adenosine [40]. Postprandial

hyperglycemia has been recently reported to produce

both perfusion defects and regional abnormalities of

ventricular mechanics in uncomplicated type 2 diabet-

ics, supporting the view that postprandial hyperglyce-

mia is a more powerful risk factor for cardiovascular

disease than fasting hyperglycemia itself [38]. Finally,

insulin resistance per se is thought to be responsible

for microvascular dysfunction which are normalized

by insulin-sensitizing thiazolidinedione [35] but this

acquisition contrasts with the fact that coronary vas-

cular function is impaired to a similar extent in type 1

and 2 diabetes, in spite of the inconsistency of insulin

resistance in the former [8].

Oxidative stress has been postulated as the media-

tor of endothelial dysfunction induced by hyperlipide-

mia and hyperglycemia in diabetics through an inhibi-

tory effect on eNOS or ATP-sensitive K-channels [14,

24, 25, 32]. Additional hypothesis is the central role

of inflammation and immune disturbances [48]. In

this context even slightly elevated high-sensitive CRP

concentrations have been shown to be associated with

reduced coronary vasoreactivity in a PET study [41].

Finally, scintigraphic studies on sympathetic myo-

cardial innervation in conjunction with myocardial

blood flow have shown that coronary endothelial-

dependent vasodilation is reduced in proportion to the

magnitude of cardiac sympathetic dysfunction [37].

These mechanisms are currently proposed to lead

from early changes to advanced impairment of car-

diac function in diabetes.

Conclusion

Diabetes greatly enhances cardiovascular disease and

related mortality. It amplifies and accelerates both

large and small coronary vessel diseases. The causal-

ity relationship however, between coronary involve-

ment and clinical progression and fatality of the dis-

ease still remains elusive. Microcirculatory dysfunc-

tion is well documented even in the pre-diabetic state;

it involves coronary circulation globally as well as re-

gionally, even in absence of large coronaries obstruc-

tive lesions. However, the epidemiology, the patho-

genesis and the nature itself of microcirculatory altera-

tions remain obscure. A multidisciplinary approach

and in particular the convergence of cardiologists and

diabetologists in a joint research effort seems essen-

tial in order to speed-up knowledge advancement in

this matter.
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