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Type 2 (non-insulin-dependent) diabetes mellitus 
and coronary heart disease- chicken, egg or neither? 
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Summary. Review of the literature yields much evidence 
against a correlation between duration of non-insulin-depen- 
dent diabetes mellitus (Type 2 diabetes) and the degree of cor- 
onary atherosclerosis or the risk of clinically evident coronary 
heart disease (CHD). Furthermore, an increased risk of CHD, 
similar to that in previously diagnosed diabetic subjects, has 
been demonstrated in persons with impaired glucose toler- 
ance. These observations suggest that an increased risk of 

CHD is not a consequence of the development of diabetes 
(i. e. persistent hyperglycaemia). It is more likely that diabetes 
develops in individuals who already possess characteristics 
which increase the risk of CHD in addition to the risk of de- 
veloping diabetes. 
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It is well known that diabetes is associated with an in- 
creased frequency of coronary heart disease (CHD) and 
a greater degree of coronary artery atherosclerosis and 
the subject has been recently reviewed [1, 2]. The in- 
creased CHD risk associated with diabetes has been 
demonstrated in many countries, including Japan, 
where the general population risk is relatively low com- 
pared with Europe and North America. Migrant studies 
suggest that the low incidence in the Japanese - diabetic 
and non-diabetic - is due to environmental factors [3]. 
Studies in Britain [4, 5] and the USA [6, 7] indicate a rel- 
atively greater excess risk in diabetic women, but three 
European studies have noted similar excess risk in both 
sexes [8, 9, Reunanen - personal communication]. 

It is generally supposed that the extra risk in diabe- 
tes arises from a greater frequency and/or  severity of 
'risk factors' common to diabetic and non-diabetic sub- 
jects, such as hypertension, lipid abnormalities and 
haemostatic disorders. My proposition is that while the 
greater metabolic abnormalities in Type 1 (insulin-de- 
pendent) diabetes may be atherogenic, the relationship 
between CHD/atherosclerosis and Type 2 (non-insulin- 
dependent) diabetes is more complicated, and that 
Type 2 diabetes is associated with but not a cause of 
CHD. 

Duration of diabetes/hyperglycaemia 

If diabetes were causally related to atherosclerosis/ 
CHD, it would be reasonable to assume that increasing 

duration of diabetes would increase the amount of 
atherosclerosis or the frequency of CHD, just as dura- 
tion is related to the degree and frequency of microan- 
giopathy in both major varieties of diabetes. The older 
literature concerning the relationship with duration is 
contradictory, no doubt in part because of failure to dif- 
ferentiate between diabetes types, compounded by the 
problem of accurately ascertaining duration in Type 2 
diabetes. Furthermore, assessments of the effect of du- 
ration fail to take into account other possible confound- 
ing factors, such as age of onset of diabetes and age at 
manifestation of CHD. However, there are two studies 
which have compared diabetic patients diagnosed via a 
screening programme with those diagnosed by conven- 
tional means. It may be reasonably assumed that the 
former group is earlier in the course of diabetes than the 
latter. In Erfurt (GDR), 250 diabetic subjects diagnosed 
by a glycosuria screening programme were compared 
over 10 years of follow-up with matched control sub- 
jects diagnosed by ordinary clinical procedures [10]. Ten 
year mortality rates from all causes and from vascular 
disease were similar in both groups. In the Israeli 
Ischaemic Heart Disease Survey, 209 men, newly diag- 
nosed by glucose tolerance test screening, were com- 
pared with 270 previously diagnosed patients from the 
same population [11]. During 5 years follow-up, the in- 
cidence of non-fatal myocardial infarction and infarc- 
tion followed by death was similarly increased over 
matched non-diabetic subjects in both groups. The in- 
cidence of  sudden death was higher in the previously 
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diagnosed diabetic subjects, but the difference was not 
statistically significant. 

In two other population studies, it was possible to 
compare CHD mortality rates in previously diagnosed 
male diabetic patients with those of men in the upper 
range of levels of glycaemia measured after an oral glu- 
cose load. Most of the people in this range would not be 
considered diabetic by current criteria, though they are 
at increased risk of subsequent development of diabe- 
tes. In the Whitehall Study (London, UK), 7.5 year age 
adjusted CHD mortality rates in known male diabetic 
subjects with an average duration of nearly 10 years 
were not significantly different from those in men in the 
upper five centiles of the blood glucose distribution [12]. 
Both groups had rates approximately twice those of 
men below the ninety-fifth centile. In the Honolulu 
Heart Program (Hawaii, USA) [13], a prospective study 
of Japanese men born in the years 1900-1919 and ex- 
amined in 1965-1968, age-adjusted CHD mortality 
rates over 9 years of follow-up were not significantly 
different between men with previously diagnosed dia- 
betes (mostly Type 2) and men with post-load hypergly- 
caemia (above the ninetieth centile) at examination. 
Both groups had mortality rates from CHD substantial- 
ly and significantly greater than men with blood glucose 
values below the ninetieth centile. 

In the Whitehall survey, a number of subjects with 
previously known diabetes participated (mostly Type 2). 
The age-adjusted 10-year mortality rates in these men, 
both from all causes and CHD, were approximately 
double those of the non-diabetic men. In the Type 2 dia- 
betic subjects, there was no significant relationship be- 
tween duration and mortality, whether from CHD or 
from any cause (Jarrett R J, Shipley M: unpublished ob- 
servations). 

These studies thus provide no evidence for, but rath- 
er argue against, any effect of diabetes duration upon 
CHD incidence. With regard to the degree of athero- 
sclerosis, most older studies are uninterpretable. Of the 
modern investigations which have addressed the ques- 
tion, the Five Towns Study (Prague, Czechoslovakia; 
Malmo, Sweden; Tallin, Yalta and Ryazan, USSR) [14] 
compared aortic and coronary atherosclerosis in diabet- 
ic patients with duration above and below 10 years. The 
authors observed no difference in aortic atherosclerosis, 
but coronary atherosclerosis was more extensive in the 
long duration group. Unfortunately, the potentially 
confounding effects of  age, sex, treatment category and 
levels of blood pressure were not considered. The latter 
may well have been relevant, for in the study, coronary 
atherosclerosis was strongly related to 'hypertension', in 
both those with and without diabetes. Waller et al. [15] 
measured the degree of cross-sectional narrowing in the 
main coronary arteries due to atherosclerotic plaques of 
diabetic patients diagnosed above age 30 years and hav- 
ing had an autopsy at the Mayo Clinic (USA) during the 
period 1945-1975. In this study, the prevalence of se- 
vere stenosis (>  75%) of the left main coronary artery 
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did not vary with the duration of diabetes (categories 
1-5, 6-10, 11-25 and 26-40 years). This was also the 
case with the average frequency of severe stenosis af- 
fecting the three main coronary arteries. Age and treat- 
ment were not, apparently, confounding variables in 
this study, but blood pressure levels were not consid- 
ered. 

Vigorita et al. [16] performed a similar study but 
used the technique of post-mortem coronary angiogra- 
phy. Both the diabetic and age and sex-matched control 
subjects had undergone autopsy at the Johns Hopkins 
Hospital, Baltimore, USA, between 1968 and 1978. 
Twenty-two percent of all patients autopsied were stud- 
ied, selection being predominantly 'the expectation of 
cardiac disease' and it can only be assumed that selec- 
tive factors were identical for those with and without 
diabetes. All abnormalities were graded in relation to 
severity. Compared with the control subjects, the dia- 
betic subjects had significantly more coronary athero- 
sclerosis and more infarcts. Within the diabetic group, 
there were no significant differences according to treat- 
ment (nil, diet, oral agents, insulin) nor was there a sig- 
nificant association with the duration of diabetes, even 
by univariate analysis. 

Effect of risk factors in diabetic subjects 

There is some debate over the question whether subjects 
with Type 2 diabetes have more frequent or more severe 
risk factors for CHD [1]. Only three studies have report- 
ed the predictive effect of putative risk factors in diabet- 
ic subjects with specific reference to CHD. None sepa- 
rated the insulin-treated from the rest, but in each 
population, most subjects were not receiving insulin. In 
the Evans County study (USA) [17], 4.5-year CHD mor- 
tality rates when standardised for age, systolic blood 
pressure, serum cholesterol and triglyceride levels, body 
mass and smoking habit were not increased in diabetic 
men but were increased in diabetic women. This sug- 
gests a specific effect of diabetes only in females, but as 
there were only seven CHD deaths (four men, three 
women) any conclusion must be tentative. 

In the Whitehall study, age adjusted 10-year inci- 
dence rates of fatal CHD were approximately doubled 
in known diabetic subjects. In this male working popu- 
lation, mean levels of blood pressure and plasma cho- 
lesterol and frequency of cigarette smoking were very 
similar to those in age-matched control subjects and the 
relationships of these risk factors to CHD mortality did 
not differ significantly between them (Jarrett RJ, Shi- 
pley M: unpublished observations). In the Honolulu 
study [13] when all subjects were included in multiple 
logistic analyses, both serum glucose level and 'medica- 
tion for diabetes' (insulin or oral hypoglycaemic thera- 
py) remained significantly predictive of CHD mortality, 
despite the inclusion of many other predictive variables, 
including cholesterol level and electrocardiographic ab- 
normalities. 
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The Framingham, USA investigators examined the 
influence of several risk factors upon cardiovascular 
(not CHD specifically) morbidity and mortality and 
concluded that associated risk factors could not explain 
the higher incidence of disease in those known to have 
diabetes [6, 18]. 

It remains possible that some other measure, e.g. ab- 
normal haemostasis [19] may explain the excess risk of 
CHD, but again it would be reasonable to suppose that 
increased exposure to this supposed risk factor (i. e. in- 
creasing duration of diabetes) would increase the ob- 
served risk. As discussed earlier, this does not seem to 
be the case. 

Pre-diagnosis 

It might be more profitable to consider the period be- 
fore the diagnosis of diabetes. Among the few studies of 
non-diabetic populations subsequently followed up to 
the diagnosis of diabetes, the Israeli Ischaemic Heart 
Disease study [20] demonstrated that peripheral vascu- 
lar disease and hypertension were more frequent in men 
who had glucose tolerance within the normal range at 
the time of study, but who subsequently became diabet- 
ic. In the Dupont Company study (USA) [21], retrospec- 
tive analysis of medical records also showed hyperten- 
sion to be more frequent in people subsequently 
diagnosed as diabetic. In the Framingham study [18] 
subjects with diabetes had higher lipid values and a 
higher frequency of hypertension before diagnosis. 

Many people pass through a phase of impaired glu- 
cose tolerance before becoming overtly diabetic, though 
by no means all such subjects are pre-diabetic [22, 23]. 
Comparisons of people with impaired glucose tolerance 
and age-matched control subjects have shown higher 
average blood pressures in the former [24] and in some 
studies higher average cholesterol levels as well [13, 25]. 
A higher frequency of electrocardiographic abnormali- 
ties has also been observed in persons with impaired 
glucose tolerance [12, 13, 26, 27]. As mentioned above, 
some prospective studies have found impaired glucose 
tolerance to be associated with increased morbidity 
and/or  mortality rates. Although this has not been a 
universal finding [27], at least some of the discrepancies 
may be due to inadequate sample size in some studies. 
In contrast, impaired glucose tolerance is not a risk fac- 
tor for diabetic microangiopathy over the time span in 
which the CHD risk is evident [28]. In addition, there 
are inter-correlations between blood glucose, blood 
pressure and plasma insulin levels and the latter have 
been shown to possess statistically, if not biologically, 
independent prediction for CHD [29, 30]. 

Thus, Type 2 diabetes and impaired glucose toler- 
ance appear to share a similar risk of CHD but a totally 
dissimilar risk of microangiopathy. Furthermore, Type 2 
diabetic subjects emerge from groups in the population 
with higher than average frequencies of several risk fac- 
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tors for CHD and with increased frequencies of existing 
CHD according to electrocardiographic evidence. 

Conclusions 

Much effort has been expended in comparing diabetic 
with non-diabetic subjects to see if factors are present in 
excess or deficiency in those with diabetes which might 
explain the greater risk of vascular disease, in particular 
CHD. While relevant differences have been observed, 
they are not consistent between studies. Furthermore, 
the prospective studies which have examined the pre- 
dictive effect of the major known risk factors have 
failed to establish them as the explanation for the extra 
risk in diabetes. 

The thesis that diabetes itself in some way confers 
the extra risk is further weakened by the equally in- 
creased risk demonstrated in groups of people with im- 
paired glucose tolerance, amongst whom there is a high- 
er frequency of existing CHD, higher than average 
blood pressure levels, possibly also of cholesterol levels, 
and an increased risk of episodes of CHD, of develop- 
ing diabetes, or both. Thus, certain metabolic milieux 
predispose to the development of CHD and/or  diabe- 
tes. As the degree of atherosclerosis appears to be great- 
er in diabetic patients, even shortly after diagnosis, it is 
conceivable that atherosclerosis itself may predispose to 
the development of diabetes [14], though there is no di- 
rect evidence to support this hypothesis. It is more likely 
that atherosclerosis and diabetes share a number of 
antecedents, the balance between them determining the 
clinical outcome. One pre-existing factor which may 
sway the balance in the direction of diabetes is obesity, 
which has a much stronger relationship in prospective 
studies to the incidence of diabetes than to that of CHD 
[31]. The common antecedents date back to adolescence 
or before, for association between levels of blood pres- 
sure, blood glucose and plasma lipids have been dem- 
onstrated in the young as well as in adults [32-34]. For 
both serum cholesterol and blood pressure, there is evi- 
dence of tracking of level with increasing age [35, 36]. 
Thus, an adolescent with a 'normal' blood pressure lev- 
el, but towards the upper end of the distribution, is like- 
ly to remain there and by middle-age to have entered 
the hypertensive 'at risk' range. If the analogy is correct, 
the newly-diagnosed diabetic patient of age 45 years 
may have 30 or more years of exposure to factors which 
promote atherogenesis. The final decompensation of 
blood glucose control which we recognise as diabetes, 
though generating the risk of microvascular disease, 
does not add to the risk of CHD. 

In the context of this discussion, the recent observa- 
tions of Owerbach et al. [37] may be relevant. These au- 
thors studied Type 2 diabetic patients and non-diabetic 
control subjects and found that the former had a higher 
frequency of U alleles in the polymorphic region of 
chromosome 11. Furthermore, in both diabetic and con- 
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trol subjects, the frequency of U alleles was higher in 
those with 'macroangiopathy' (one or more of angina 
pectoris, myocardial infarction, intermittent claudica- 
tion, cerebrovascular incident). If confirmed, this would 
add a genetic component to the concept of common 
antecedents for both Type 2 diabetes and atherosclero- 
sis. 
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