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Summary. A cross-sectional study of 1084 Caucasoid diabetic 
subjects in rural Western Australia revealed a high rate of clin- 
ical macrovascular disease (46%), including coronary heart 
disease (13%), stroke (8%), and peripheral vascular disease 
(38%). Age was the major time-related variable for total mac- 
rovascular disease and for peripheral vascular disease, with 
identical prevalence rates in Type 1 (insulin-dependent) and 
Type 2 (non-insulin-dependent) diabetes when age was taken 
into account. In 179 Type t diabetic subjects, logistic regres- 
sion analysis showed no associated risk factors other than age. 
In 905 Type 2 diabetic subjects the independent risk factors 
for total macrovascular disease, identified by a forward step- 
wise selection procedure, were age as the major contributor, 

with plasma creatinine levels and plasma glucose levels (all 
p < 0.001), high-density lipoprotein cholesterol levels, serum 
total cholesterol levels, and the (supine-erect) systolic blood 
pressure difference (all p < 0.05). There were no direct asso- 
ciations with percentage desirable weight, cigarette smoking 
or male sex. Type 2 diabetic subjects demonstrated a very 
strong negative association between high-density lipoprotein 
cholesterol levels and coronary heart disease, and significant 
associations were found also between plasma glucose levels 
and coronary heart disease (p < 0.01), and glycosylated hae- 
moglobin levels and peripheral vascular disease (p < 0.001). 
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Occlusive atherosclerotic vascular disease is recognised 
as being the most commori~ complication of  diabetes to- 
day [1, 2]. The Internat iona ! Atherosclerosis Project [3] 
showed that the prevalence of  the large vessel lesions in 
diabetic patients parallels the prevalence in the natural 
populat ion,  but  that the former  have more extensive 
raised lesions and more  complicated lesions than non- 
diabetic subjects. Studies in the United States and 
England [4-6] have confirmed the substantial increase 
in mortali ty f rom coronary  heart  disease in subjects 
with diabetes and with impaired glucose tolerance, and 
that the habitual protect ion of  females f rom atheroscle- 
rosis is abolished. Multivariate analyses demonstrate 
that the conventional  risk factors in the populat ion op- 
erate also for diabetic patients [4-6]. The independent  
relationships of  b lood glucose levels and of  diabetic 
control to macrovascular  disease have not been clearly 
established. 

We report  here the f requency o f  clinically-defined 
macrovascular  disease in cross-sectional surveys of  
Caucasoid diabetic subjects in rural Western Australia. 
Plasma glucose levels and glycosylated haemoglobin 
levels were measured as an indication o f  diabetic con- 
trol in addi ton to conventional  cardiovascular risk fac- 

tors, and the relevance of  these variables has been as- 
sessed by the statistical technique of  logistic regression 
analysis. 

Subjects and methods 

Subjects 

The diabetic subjects were voluntary respondents to surveys held in 
major country centres 50-800 km from Perth, Western Australia, in 
1978-1982 [7], for the purpose of screening for the ophthalmic and 
vascular complications of diabetes. The centres were Kalgoorlie, Bus- 
selton, Geraldton, Albany, Bunbury, Northam, Esperance, Mandu- 
rah, Narrogin, Port Hedland, Merredin and Moora. From demogra- 
phic data provided by the Australian Bureau of Census and Statistics 
(total population 103,000) and with knowledge of the prevalence of 
known diabetes in Australia [8], it is estimated that approximately 
70% of the diabetic subjects available in the area attended. A total of 
1218 persons were screened, of whom 1084 were Caucasoid. The data 
from 134 subjects of Aboriginal or part-Aboriginal race were analysed 
separately. 

Macrovascular disease was ascertained as follows: coronary heart 
disease: symptoms of definite angina pectoris and of definite past 
myocardial infarction were identified using the London School of 
Hygiene questionnaire [9]. Definite angina pectoris or myocardial in- 
farction implies "doctor-confirmed" in that when positive responses 
were given to the questionnaire, a history also had to be obtained that 
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Table 1. The number of diabetic subjects studied, by type and treatment, and the rates of clinical macrovascular disease and its sub-categories 

Type and treatment Number of Mean Mean Male: Rates (%) for 
subjects age duration female 

(years) of diabetes ratio Macro- Coronary Stroke Peripheral 
(years) vascular heart vascular 

disease disease disease 

Type1 diabetic subjects 179 34_+14 13+__11 1.0 16 2 1 14 
Type 2 diabetic subjects 

on diet 164 60+_12 4_+ 5 1.3 40 12 8 30 
on tablets 466 64_+11 7+_ 6 1.0 51 16 8 43 
on insulin 275 65 _+ 11 10 +_ 7 0.8 60 17 12 51 

Time-related variables expressed as mean +- SD 8o 
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Fig. 1. The estimated prevalence rates 
by logistic modelling for total 
macrovascular disease ( ), 
peripheral vascular disease 
( . . . .  ), coronary heart disease 
(-  - -  - -), and stroke ( . . . . . .  ) by age in 
Type 2 and Type 1 diabetic subjects. The 
open squares indicate the observed 
prevalence rates for total macrovascular 
disease 

the patient had seen his doctor about the chest pain, and the doctor 
had given a cardiac diagnosis [10]. In rural Western Australia this 
technique improves the specificity of the questionnaire, 71% having 
ECG changes (65% frank, 6% borderline) compatible with coronary 
heart disease [10]. The chest pain questionnaire is a valid technique 
for identifying a disease-rich group within one population and for de- 
monstrating the association of coronary heart disease with major risk 
factors [11]. Cerebrovascular disease was identified by a positive 
answer to the enquiry "have you ever had a stroke?" and required 
confirmation by the interviewing physician. Peripheral vascular dis- 
ease was identified by a standard questionnaire for lower limb claudi- 
cation administered by a physician, or was ascertained if two or more 
foot pulses were judged absent by the physician. 

The subjects attended between 0900 and 1700 h without reference 
to mealtimes or medications. Type I diabetic subjects were defined as 
those with age at onset of diabetes < 40 years, requiring permanent in- 
sulin therapy within 2 years of diagnosis. All remaining subjects were 
classified as Type 2 diabetes. This method of classification segregates 
the two types of diabetes into low- and high-serum-C-peptide classes 
with 93% accuracy overall [12]. The examination included measure- 
ment of blood pressure after 10 min rest, supine and erect, using mer- 
cury sphygmomanometers. Height and weight were recorded and the 
body mass index (weight (kg)+ height 2 (m)) was calculated. Current 
smoking habits and current medications were recorded. 

Non-fasting blood samples were obtained and were processed im- 
mediately for transport to the city-based teaching-hospital laborato- 
ries for analyses. These were: glycosylated haemoglobin levels by the 
centrifuge-accelerated method of Davis and Nicol [13]; total plasma 
cholesterol by cholesterol oxidase [14, 15]; serum high-density lipo- 
protein-cholesterol (HDL-cholesterol) by the method of Burstein and 
Samaille [16]. Plasma glucose was measured by hexokinase using glu- 
cose test reagents (SVR, Calbiochem-Behring, Cat no 870104) and 

plasma creatinine by autoanalyser (Technicon RA 1000 system, Tech- 
nicon Instruments, Tarrytown, New York, USA). 

A logistic regression method [17] was used to determine the 
strength of association of possible risk factors with macrovascular dis- 
ease. The importance of each variable under consideration was as- 
sessed by the significance of the contribution that it made to the devi- 
ance of the logistic regression. The deviance is a measure of the 
discrepancy between the fitted values derived from the logistic regres- 
sion equation and the observed values. With all diabetic complica- 
tions, a time-related variable is usually of importance, such as age of 
onset, or duration, or actual age. Accordingly, the logistic regression is 
performed for each variable when considered alone and also after al- 
lowing for the contribution of the major time-related variable. Finally, 
a forward stepwise procedure is used to select the subset of risk vari- 
ables which best explains the presence of the complication by inde- 
pendent association. 

The data used for analysis by multiple regression were complete in 
most respects, except that the HDL-cholesterol values were per- 
formed in 672 of the 1084 subjects. The missing values were randomly 
distributed throughout the diabetic population in that the correspond- 
ing samples were not obtained from certain towns (Busselton, Bunbu- 
ry, Northam). As the forward stepwise procedure used to select the 
best subset of independent risk variables requires the data to be com- 
plete, estimates of the missing HDL-cholesterol values were used for 
this part of the analysis. These estimates were obtained from a multi- 
ple linear regression of HDL-cholesterol on related measurements de- 
rived from the available data. Careful checks for possible bias were 
performed, and in addition the final logistic equation obtained by the 
forward stepwise procedure were shown to have very similar coeffi- 
cients when fitted to the actual data of 672 subjects. For simplicity of 
presentation, the results of all forward stepwise procedures quoted re- 
late to analyses that include the estimated HDL-.cholesterol values. 
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Table 2. Multiple logistic regression analysis of variables associated with diabetic macrovascular disease in Type 1 and Type 2 diabetic subjects. 
The deviance contributions for each variable are considered alone and after allowing for the effect of age. The forward stepwise selection proce- 
dure indicates the independent relationship of risk variables to macrovascular disease prevalance 

Variable Deviance contributions Deviance contributions 
for Type I diabetes for Type 2 diabetes 

Alone After age Alone After age Forward stepwise 
selection + 

Age 23 a - 107 a - 106a(1) 
Age at onset 8 b+ + 0 46 a+ + 10 b+ + 6 c+ +(4) 
Duration 14 ~ 0 29 a 10 b 
Sex 0 0 1 0 
Treatment (diet/tablets/insulin) - - 17 a 9 b 
Tablet dose - 1 1 
Insulin dose 0 0 12 a 8 b 
Percentage desirable weight 7 b 1 0 2 
Systolic blood pressure supine 5 c 2 15 a 1 
Systolic blood pressure difference 2 0 15 a 68 4~ 
Diastolic blood pressure supine 1 0 1 1 
Diastolic blood pressure difference 2 1 9 a 2 
Plasma glucose 0 0 16 a 15 a 16~(3) 
Glycosylated haemoglobin 0 2 13 ~ 10 b 
Serum cholesterol 8 b 3 6 c 5 c 5c(6) 
Serum HDL-cholesterol 0 1 6 ~+ + 7 b+ + 6 ~+ +(5) 
Plasma creatinine 4 c 1 4(P 182 18a(2) 
Cigarette smoking 0 0 2 0 

There were no interactions between test variables. + Order of selection in parentheses; + + indicates a negative association. ~Denotes signifi- 
cance at 0.1% level; bdenotes significance at 1% level; Cdenotes significance at 5% level 

Table 3. Prevalence (P) of macrovascular disease in Type 2 diabetic 
subjects. Coefficients for the fitted logistic equation for prevalence of 
macrovascular disease in Type 2 diabetic subjects (after forward step- 
wise selection procedure, Table 2) and magnitude of influence of each 
risk variable over the range mean + SD 

Fitted logistic equation for Range of mean__+ SD Influence on 

logit (P) = lOg(l(P)p) = for risk variables prevalence (%) 

- 6.302 (constant) . . . . . .  
+ 0.093 x age (years) 53 - 75 + 47 
-0.000312x onset age z 44 - 68 - 2 0  

(years 2) 
+0.011 x plasma creatinine 60 -120 +16 

(Ixmol/l) 
- 0.628 x plasma 0.9- 1.6 - 12 

HDL-cholesterol 
(retool/l) 

+ 0.046 x plasma glucose 5.4- 14.6 +10 
(mmol/1) 

+0.125 x plasma cholesterol 4.9- 7.6 + 8 
(retool/l) 

+0.0101 x systolic blood - 8 . 0 - + 2 2  + 8 
pressure difference 
(mm.Hg) 

Results 

The prevalence of clinical macrovascular disease by 
type of diabetes and treatment class is shown in Table 1. 
There is no marked sex difference. The discrepancy in 
prevalence between Type I and Type 2 diabetes may 
clearly be related to age. Within the therapeutic classes 
of Type 2 diabetes there appear to be differences in 

prevalence, possibly age-related. Overall the prevalence 
of macrovascular disease was 46%, including 13% with 
coronary heart disease, 8% with stroke and 38% with 
peripheral vascular disease. 

When examined by logistic modelling, age rather 
than duration or age at onset was the major time-related 
variable associated with macrovascular disease. The fit- 
ted prevalence rates for peripheral vascular disease and 
total macrovascular disease increase progressively with 
age (Fig. 1), and at any given age the rates for Type I and 
Type 2 diabetic subjects are almost identical, and can be 
superimposed. In Type 2 diabetic subjects the preva- 
lence rates for coronary heart disease and stroke pla- 
teau after age 60 then fall, probably an indication of se- 
lective mortality. In Type 1 diabetic subjects no signifi- 
cant age relationship was found with coronary heart 
disease and stroke, these complications showing very 
low prevalence rates (t-2%). 

The risk factors for all macrovascular disease were 
analysed by multiple logistic regression for Type 1 and 
Type 2 diabetic subjects separately, and are shown in 
Table 2. In Type 1 diabetic subjects the marked effect of 
age is seen, and significant associations occur with oth- 
er variables when considered alone, including serum 
cholesterol and percentage desirable weight. After age 
was accounted for, none of the remaining variables 
showed any significant independent association with 
macrovascular disease. 

In Type 2 diabetic subjects the profound relation- 
ship of macrovascular disease with age is demonstrated 
again (Table 2). Many of the remaining variables retain 
significant associations with macrovascular disease 
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Table 4. Type 2 diabetic subjects: risk variables for categories of clini- 
cal macrovascular disease by forward stepwise logistic regression 
analysis, in order of selection. The levels of significance are obtained 
from t-values for the coefficient for each variable in the final logistic 
equation 

Coronary heart disease Stroke Peripheral vascular 
disease 

Plasma HDL-cholesteroP t Age b Age ~ 
Age" Age x age bt Plasma creatinine ~ 
Age x age ~ Glycosylated 

haemoglobin ~ 
Plasma glucose b Diastolic blood 

pressure difference b 
Age at onset b 

aDenotes significance at 0.1% level; bdenotes significance at 1% level; 
Cdenotes significance at 5% level. ~Indicates a negative association 
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Fig. 2. The relationship of logit P (where P is prevalence of macrovas- 
cular disease in Type 2 diabetic subjects) to glycosylated haemoglobin 
levels in the logistic regression equation after age has been accounted 
for. No statistical evidence could be found for a non-linear (threshold) 
phenomenon 

prevalence after age is taken into account. Thus there 
appears to be a significant relationship with treatment 
category (diet, oral hypoglycaemic agents, or insulin 
therapy) and with insulin dosage (in Type 2 diabetic 
subjects) even after the age effect is removed. However, 
the forward stepwise selection procedure reveals the 
subset of variables that best 'explain' the presence of 
macrovascular disease by their independent contribu- 
tions to the regression equation. Thus, in order of selec- 
tion, age, plasma creatinine and plasma glucose levels 
have highly significant deviance contributions (p < 
0.001), followed by age at onset (negative association), 
serum HDL-cholesterol (negative association), serum 
cholesterol, and the supine-erect systolic blood pressure 
difference (all p < 0.05). 

The actual coefficients for the fitted logistic equa- 
tion for prevalence of macrovascular disease in Type 2 
diabetic subjects are listed in Table 3, to show the mag- 
nitude of 'influence' of each risk variable over the range 
mean ___ SD. Even after the substantial effects of age, all 
of the remaining factors contribute materially to the 
prevalence figure. Their association with macrovascular 
disease appears to be biologically as well as statistically 
relevant. 

The risk factors for the individual categories of mac- 
rovascular disease were analysed by logistic regression 
and showed some striking differences from the preced- 
ing results in Type 2 diabetes. (In Type I diabetic sub- 
jects, after age, not one of the remaining variables 
showed any significant association with any category of 
macrovascular disease). The analyses for Type 2 diabet- 
ic subjects are summarised (Table 4) by listing the re- 
sults of the forward stepwise selection procedures in or- 
der. Age continues to be a major determinant in all 
cases, but the relationship with age is quadratic for cor- 
onary heart disease and stroke (as may be inferred from 
Fig.l). For coronary heart disease, HDL-cholesterol 
levels supercede age in order of selection. For stroke, 
age and age • age are the only significant related vari- 
ables. 

An index of diabetic control, either plasma glucose 
or glycosylated haemoglobin levels, is a significant as- 
sociated factor in coronary heart disease and peripheral 
vascular disease, as well as total macrovascular disease. 
These two measures of control are closely inter-related. 
The relationship of glycosylated haemoglobin to cate- 
gories of macrovascular disease was carefully examined 
to determine whether prevalence was related in a linear 
manner or showed a 'threshold' phenomenon, and an 
example is shown in Figure 2. In this example the statis- 
tical model embodying separate effects for each glyco- 
sylated haemoglobin class provided no better fit than 
the linear model, and no convincing evidence for a 
'threshold' phenomenon was found despite extended 
analysis. 

'Systolic blood pressure difference' (supine-erect) 
and 'diastolic blood pressure difference' (supine-erect) 
were independently associated with all macrovascular 
disease and peripheral vascular disease respectively in 
Type 2 diabetic subjects, rather than the actual blood 
pressure levels. In this group the mean blood pressure 
levels were 161/87 mmHg supine, 149/87 mmHg erect. 
The blood pressure difference (supine-erect) has been 
found to be the independently-related variable for reti- 
nopathy and vision-threatening retinopathy [7] as well 
as neuropathy and nephropathy (M. Knuiman, unpub- 
lished data). This phenomenon is unexplained. Systolic 
and diastolic blood pressure levels, although closely 
correlated with 'blood pressure difference' could not be 
'forced' into the regression equation by omission of the 
latter. Those on anti-hypertensive therapy comprised 
49% of Type 2 diabetic subjects. They showed no signif- 
icant differences in the extent or distribution of posturat 
hypotension as compared with those on no therapy. 

Twenty-three percent of the study group were cur- 
rent cigarette smokers; one half exceeded 130% desir- 
able weight; and one half were male sex. These factors 
as candidate variables were consistently rejected by the 
forward stepwise selection procedure as having an inde- 
pendent association with macrovascular disease preva- 
lence in either Type 1 or Type 2 diabetes. 
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Discussion 

The very high prevalence of symptomatic macrovascu- 
lar disease described, and the close relationship with 
age, reinforce the view that in any particular population 
diabetes has an additive effect on the pathogenesis of 
macrovascular disease [19]. In this cross-sectional study 
of a diabetic population we hoped to discern possible 
aetiological relationships between risk factors and the 
clinical manifestations of atherosclerotic disease. For 
Type 1 diabetic subjects, total macrovascular disease 
and peripheral vascular disease showed age-related 
prevalence rates strikingly similar to those in Type 2 dia- 
betic subjects, but no variables other than age were re- 
lated independently to these complications, and none 
was related to coronary heart disease or stroke. Further 
analysis of larger samples is necessary to determine 
macrovascular disease risk factors in Type 1 diabetes. 

In contrast, an array of significant, independently- 
associated variables was found in Type 2 diabetic sub- 
jects, and interesting differences in the risk factor pro- 
files emerged with the analysis of separate categories of 
macrovascular disease. The study demonstrates an in- 
dependent relationship between level of diabetic con- 
trol in Type 2 diabetic subjects and the prevalence of 
macrovascular disease. Much evidence suggests that 
diabetes and impaired glucose tolerance enhance the 
expression of atherosclerosis, especially coronary heart 
disease [1-6]. In addition prospective studies of (non- 
diabetic) populations have related subsequent coronary 
heart disease mortality to a threshold value of the 2-h 
plasma glucose during baseline glucose tolerance; the 
plasma glucose values following 50-g and 75-g glucose 
loads being 5.3 mmol/1 in the Whitehall study [5] and 
7.8 mmol/l  in the Paris study [18], respectively. In our 
prevalence study, no threshold phenomenon could be 
determined statistically, but it is clear (Fig. 2) that an in- 
crease in the risk of macrovascular disease is apparent 
above a glycosylated haemoglobin value of 9.5%, which 
corresponds to mean plasma glucose levels of 
7-8 retool/1 [201. 

The role of lipid metabolism in diabetic atheroscler- 
osis has been inferred from the observed tendency for 
diabetic subjects to have elevated cholesterol and trigly- 
ceride levels [21] and to show low HDL-cholesterol val- 
ues in some but not all studies [22]. In Framingham [4] 
the high incidence of coronary heart disease in diabetic 
women was attributed in part to their very low HDL- 
cholesterol levels. An age-matched comparison of dia- 
betic subjects from the present study with subjects from 
a normal rural population in Western Australia has 
shown significantly lower HDL-cholesterol values in 
the diabetic group [15] and proportionately lower HDL- 
cholesterol values in diabetic females. We can extend 
these findings therefore to link high cholesterol levels 
and low HDL-cholesterol levels to macrovascular dis- 
ease in an exclusively diabetic population, but especial- 

ly to link low HDL-cholesterol levels to coronary heart 
disease in Type 2 diabetic subjects. 

Elevated blood pressure levels in diabetic subjects 
have been shown by multivariate analysis to determine 
subsequent coronary heart disease [4-6]. The lack of 
any such association in the present study may relate to 
the high proportion of subjects on anti-hypertensive 
therapy. However, the emergence of postural hypoten- 
sion ('systolic-diastolic blood pressure difference') as an 
independently related risk factor in Type 2 diabetes, for 
peripheral vascular disease especially, does not appear 
to relate to drug therapy. It may indicate vascular scler- 
osis or less likely the occurrence of autonomic neuropa- 
thy. 

Cigarette smoking also is a recognized risk factor for 
subsequent cardiovascular events in diabetic subjects [5, 
6]. Our failure to demonstrate any correlation between 
current smoking and vascular disease may well reflect 
the crudity of a simple smoking questionnaire in indi- 
cating actual exposure to the risk. The lack of associa- 
tion of smoking and cardiovascular disease is a well- 
known artefact of cross-sectional studies. 

Elevated plasma creatinine levels ranked highly as 
an associated independent factor for peripheral vascu- 
lar disease and total macrovascular disease in Type 2 
diabetic subjects. Possibly this reflects diabetic and/or 
hypertensive nephropathy and the tendency for macro- 
and microvascular disease to go hand in hand. 

At this stage it is reasonable to interpret our and oth- 
ers' data as indicating that all conventional risk factors 
for vascular disease require scrupulous attention in dia- 
betic subjects, including blood lipids, blood pressure 
and cigarette smoking. In the prevention of atheroscle- 
rotic complications, effective intervention with the non- 
diabetic cardiovascular risk factors may prove to be 
more feasible than the control of hyperglycaemia. Al- 
though diabetes and impaired glucose tolerance are 
substantial predictive risk factors [1-6] and our data 
support the possibility of an independent relationship 
of 'diabetic control' to macrovascular disease, there is 
no good evidence yet to confirm that improvement in 
diabetic control diminishes the risk of macrovascular 
disease. If such an experiment is conducted, the avail- 
able data [5, 18] suggest that 'near normal' glucose toler- 
ance will be necessary to reverse such risk. 
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