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Summary. The Paris Prospective Study is a long-term investi- 
gation of the incidence of coronary heart disease in a large 
population of working men. The first follow-up examination 
involved 7,038 men, aged 43-54 years. Subjects with impaired 
glucose tolerance or diabetes (n = 943) were selected from the 
total population for a separate analysis of coronary heart dis- 
ease mortality risk factors. During a mean follow-up of 
11 years, 26 of these 943 subjects with abnormal glucose toler- 
ance died from coronary heart disease. Univariate analysis 
showed that plasma triglyceride level (p < 0.006), plasma cho- 
lesterol level (p< 0.02), and plasma insulin level both fasting 
and 2-h post-glucose load (p< 0.02), were significantly higher 
in subjects who died from coronary heart disease compared to 
those who did not. In multivariate regression analysis using 
the Cox model, plasma triglyceride level was the only factor 

positively and significantly associated with coronary death. 
The distribution of plasma triglyceride levels was clearly 
higher for the subjects who died from coronary heart disease 
compared to those who did not die from this cause or were 
alive at the end of the follow-up. This new epidemiological 
evidence that hypertriglyceridaemia is an important predictor 
of coronary heart disease mortality in subjects with impaired 
glucose tolerance or diabetes suggests a possible role of dys- 
lipidaemia in the excessive occurrence of atherosclerotic vas- 
cular disease in this category of subjects. 
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Diabetic subjects are known to have a high frequency of  
atherosclerosis [1], but  the underlying mechanism re- 
mains unclear. Hyperglycaemia,  on which the definition 
of  the disease is based [2], may  well not be a direct deter- 
minant of  the atherosclerotic lesions of  diabetes, since 
the incidence of  cardiovascular events in diabetic sub- 
jects is not  strictly related to the durat ion of  hypergly- 
caemia [3, 4]. Furthermore,  three large prospective sur- 
veys on the risk factors of  coronary  heart  disease, 
independent ly  initiated in the late sixties in Finland [5], 
Australia [6] and France [7, 8], showed, after 5 to 10 years 
follow-up, that high insulin levels in healthy men were 
predictive of  coronary  heart disease (CHD),  even after 
adjustment for  the classical risk factors (age, b lood pres- 
sure, smoking habits, plasma cholesterol), whereas 
hyperglycaemia and diabetes were not  independent  pre- 
dictors. Many  studies have shown the close metabolic in- 
te rdependence  between carbohydrates and lipids [9, 10]. 
Plasma insulin is also a strong correlate o f  plasma lipids, 
especially HDL-cholesterol  and triglyceride [11-14], and 
it is now well established that plasma insulin levels are 
generally higher in subjects with Type 2 (non-insulin-de- 
pendent)  diabetes compared  to non-diabetic subjects 

[15]. The aim of  the present work, based on the data o f  the 
Paris Prospective Study, was to analyse further the re- 
spective and interactive roles of  insulin, glucose toler- 
ance, cholesterol and triglyceride plasma levels on the 
risk of  C H D  mortality. 

Subjects and methods 

Subjects selected in the present analysis were drawn from the popula- 
tion of the Paris Prospective Study. The general aims, detailed meth- 
odology and population characteristics of the Paris Prospective Study 
have been previously described [7, 161 and only relevant data will 
be summarised here. The first follow-up examination involved 
7,038 male employees of the Paris Civil Service, aged 43-54 years, 
without any cardiovascular disease diagnosed at examination [8]. It 
included a 0-2 h 75 g oral glucose tolerance test with measurement of 
plasma insulin [17] and glucose levels [18] beside the major CHD risk 
factors (blood pressure, smoking habits, body mass index (weight 
(kg)/height2(m)), plasma cholesterol [19] and plasma triglyceride [20] 
levels). All deaths up to January 1st 1983 were counted (mean follow- 
up: 11 years). Deaths were systematically reported by the different ad- 
ministrative departments of the Paris Civil Service. 

Complementary inquiries to families, practitioners or hospitals 
were organized to obtain information regarding the circumstances 
and causes of death. Coding was performed by a panel of physicians 
according to the International Classification of Diseases (8th revi- 
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Table 1. Mean values (95 percent confidence limits) of coronary heart disease (CHD) mortality rates and CHD mortality risk factors according 
to degree of glucose tolerance 

Normal Impaired Newly-diagnosed Known 
tolerance tolerance diabetes diabetes 
(n= 6055) (n= 690) (n = 158) (n = 135) 

p value 

CHD mortality rate 1.4 2.7 2.9 4.2 < 0.01 
p. 1000 per year (1.2, 2.7) (1.5, 3.9) (0.3, 5.6) (0.8, 7.6) 
Systolic blood pressure 140 150 170 150 < 0.0001 
(mmHg) (139.5, 140.5) (148.5, 151.1) (165.3, 174.7) (144.9, 155.1) 
Diastolic blood pressure 81 86 90 86 < 0.0l 
(mmHg) (80.6, 813) (85.0, 87.0) (87.5, 92.5) (83.8, 88.2) 
Cholesterol level 5.57 5.78 5.81 5.60 < 0.001 
(mmol/1) (5.54, 5.60) (5.69, 5.86) (5.62, 5.99) (5.41, 5.79) 
Triglyceride level a 1.21 1.45 1.59 1.55 < 0.0001 
(mmol/1) (1.19, 1.23) (1.39, 1.51) (1.44, 1.75) (1.41, 1.70) 
Body mass index 26 27 28 28 < 0.0001 
(kg/m 2) (25.9, 26.1) (26.7, 27.3) (27.3, 28.7) (27.4, 28.6) 
Fasting insulin level a 68.1 90.3 110.4 104.7 < 0.0001 
(pmol/1) (66.9, 69.3) (80.7, 95.3) (97.4, 125.3) (93.0, 117.9) 

a Mean and mean _+ 2 SEM were computed in natural log values, then transformed into the original units 
n = Number of patients studied 

Table2. Meanvalues (95% confidencelimits) ofbaseline variables in 
subjects with abnormal glucose tolerance (impaired glucose tolerance 
or diabetes a) by subsequent death from CHD: group A = CHD death; 
group B = no CHD death or alive 

Group A Group B p value b 
(n = 26) (n = 917) 

Age 49.0 48.6 > 0.6 
(years) (48.2, 49.8) (48.5, 48.7) 
Systolic blood pressure 161 156 >0.4 
(mmHg) (151.2, 170.8) (154.3, 157.7) 
Cigarettes 12 9 > 0.1 
(number/day) (0, 16) (0, 10) 
Cholesterol 6.3 5.7 < 0.02 
(mmol/l) (6.0, 6.6) (5.6, 5.8) 
Body mass index 28 27 > 0.1 
(kg/m 2) (26.8, 29.2) (26.7, 27.3) 
Triglyceride level c 2.07 1.47 < 0.006 
(mmol/1) (1.68, 2.56) (1.42, 1.53) 
Fasting insulin level c 129 93 < 0.02 
(pmol/1) (106, 157) (89, 98) 
2 h insulin level c 595 450 < 0.02 
(pmol/1) (484, 731) (430, 472) 
Fasting glucose level 6.8 6.5 > 0.3 
(mmol/1) (6.1, 7.5) (6.4, 6.6) 
2 h glucose level 9.9 9.6 > 0.5 
(mmol/1) (9.4, 10.4) (9.5, 9.7) 

a 1980 WHO classification; b Cox survival analysis; C Mean and 
mean+2 SEM were computed in natural log values, then trans- 
formed into the original units 
n = Number of patients studied 

sion); in the present analysis, only deaths caused by CHD to a large 
extent (410.0-414.9:myocardial infarction; 795.0:sudden death; 
782.0-782.9, 427.0, 427.1,519.1 :heart failure) were considered. 

Among the 7,038 men attending the first follow-up examination, 
135 were already known diabetics, and the remaining were classified 
from the 0-2 h oral glucose tolerance test results (WHO criteria 1980 
[2]) into a group with normal glucose tolerance (n= 6,055), a group 
with impaired glucose tolerance (IGT, n=690), and a group with 

newly-diagnosed diabetes (n=158). Subjects with impaired glucose 
tolerance or known or newly-diagnosed diabetes were selected for the 
present analysis and grouped together in an 'abnormal glucose toler- 
ance' group. Those with missing values for a variable used in analyses 
were excluded. Insulin-treated diabetic subjects (n = 10) were also ex- 
cluded, since the presence of exogenous insulin interfered with the 
interpretation of plasma insulin values. Altogether, 943 subjects with 
'abnormal glucose tolerance' were considered for the present analysis, 
among whom 26 died from CHD during the follow-up. 

Because of the narrow range of age of the population, no adjustment 
for age was made in univariate analyses. However, in the multivariate 
analysis using the Cox regression model [21] - BMDP 1981, statistical 
software P2L -, age was systematically introduced into the equation. 

Results 

A) Rationale for the grouping together of subjects with 
impaired glucose tolerance or diabetes 

Before proceeding to the analysis of CHD risk factors 
in subjects with impaired glucose tolerance or diabetes, 
the question was raised as whether they could be con- 
sidered as a single group in regard to CHD risk. 

It appeared that CHD mortality rates were nearly 
identical for subjects with IGT and subjects with newly- 
diagnosed diabetes (Table 1), the higher mortality rate 
for diabetic subjects as a whole deriving from the high 
mortality rate observed for subjects with known 
diabetes. In terms of specific causes of death (myocar- 
dial infarction, sudden death, heart failure), only mor- 
talky rates for sudden death differed significantly with 
the degree of glucose tolerance. The annual mortality 
rate for sudden death was 1.6 per 1,000 for subjects with 
IGT (12 deaths), in comparison to 0.8 per 1,000 for sub- 
jects with normal glucose tolerance (51 deaths), and to 
2.3 per 1,000 (4 deaths) and 2.1 per 1,000 (3 deaths) in 
newly-diagnosed and known diabetic subjects respec- 
tively. In terms of level of CHD risk factors, again those 
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Fig. I. Mean annual coronary heart disease (CHD) mortality rates by 
triglyceride level (TG) - below and above the median of the distribu- 
tion:l .39 mmol/1 and by cholesterol level (CHOL) - below ([5) and 
above ([]) the median of the distribution: 5.7 mmol/1. The number of 
deaths observed in these four groups was 3, 2, 3 and 18 from left to 
right 
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Fig.Z Mean annual CHD mortality rates by triglyceride level (TG) 
below and above the median of the distribution: 1.39 mmol/ l  - and by 
fasting insulin level (FI) below (D) and above (N) the median of the 
distribution: 100 pmol/1. The number of deaths observed in these four 
groups was 4, 1, 5 and 16 from left to right 

for subjects with IGT were generally closer to the levels 
of subjects with diabetes than to the levels of subjects 
with normal glucose tolerance (Table 1). 

Thus, the group of subjects with either impaired glu- 
cose tolerance or diabetes appeared relatively homo- 
geneous in regard to the risk of CHD. 

B) Cardiovascular risk factors in subjects with abnormal 
glucose tolerance 

The mean plasma levels of potential risk factors of 
CHD death in subjects with abnormal glucose toler- 
ance (n = 943) were compared between those who died 
of CHD (group A, n=26) and those who did not 
(group B, n = 917) (Table 2). Only plasma triglyceride, 
plasma cholesterol and plasma insulin levels (fasting 
and 2-h post-load) were significantly higher in group A. 
Whereas the correlation coefficient between cholesterol 
and insulin levels was rather weak (r = - 0.05 with fast- 
ing insulin, p>  0.1; r =  -0 .02 with 2-h post-load insulin, 
p >  0.5), it was stronger between triglyceride and choles- 
terol levels (r=0.36, p<0.0001), and between triglyc- 
eride and insulin levels ( r=  0.28 with fasting insulin, 
p <  0.0001 ; r =  0.18 with 2-h post-load insulin, 
p < 0.0001). When grossly adjusting for triglyceride level 
(in two equal-sized groups, below and above the me- 
dian of the triglyceride distribution: 1.39 mmol/1), both 
cholesterol and insulin levels seemed to retain a predic- 
tive value on subsequent CHD death for subjects in the 
upper half of triglyceride distribution (Figs. J and 2). 
However, the multivariate analysis showed that the only 
variable significantly associated with CHD mortality 
risk was triglyceridaemia, independently of all other 
variables indicated in Table 2. The fit of the model was 
not significantly improved by the introduction of cho- 
lesterol (%2= 1.89, 1 df) or insulin, either fasting or 2-h 
post-load (Z 2 --- 2.79, 1 dO, or both (Z 2 = 5.49, 2 d 0. 

Other potential confounding variables, not directly 
related to cardiovascular risk but known to increase 
triglyceride plasma level, were ascertained in the 
943 subjects. At the time when triglyceride plasma level 
was measured, antihypertensive treatment was used 
regularly by 44 subjects, 2 in group A, 42 in group B 
(p> 0.5). Liver condition had been assessed clinically at 
entry, and 107 subjects had signs of alcoholic intoxica- 
tion, 4 in group A, 103 in group B (p> 0.5). Therefore, it 
was unlikely that the cardiovascular risk associated 
with high triglyceride plasma levels could be mediated 
through those parameters. 

Thus, hypertriglyceridaemia appeared as a major 
risk factor of  CHD death in subjects with abnormal glu- 
cose tolerance. Indeed, as shown in Figure 3, the dis- 
tribution of' triglyceride level in group A was clearly 
shifted to the right compared to the distribution in 
group B. Most of the subjects in group A (73%) had a 
plasma triglyceride level over 1.5 mmol/l, whereas plas- 
ma triglyceride level was below 1.5 mmol/1 for 56% of 
the subjects in group B. The relative risk of subsequent 
CHD death for subjects with a triglyceride level over 
1.5 mmol/1 was 3.28 (p< 0.01). 

Discussion 

The present analysis of the Paris Prospective Study em- 
phasizes the relation of dyslipidaemia and the occur- 
rence of coronary heart disease in subjects with impaired 
glucose tolerance or diabetes. In this particular popula- 
tion, which is probably in part heterogeneous, but shares 
common metabolic abnormalities and an increased risk 
for CHD [22-24], an elevated plasma triglyceride level 
proved to be the strongest predictor of CHD death. The 
lack of power of the analysis, due to the relatively small 
number of deaths, may have concealed an independent 
contribution of insulin and cholesterol plasma levels to 
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Fig.3. Distribution of serum triglyceride level by subsequent death 
from CHD or not. Closed bars (11): group A (CHD death, n =26); 
open bars ([])): group B (no CHD death or alive, n =917) 

the prediction model, but the fact remains that triglyc- 
eride plasma level ranked markedly first in this model. 

Though prospective studies in diabetic cohorts are 
scarce, the present analysis agrees well with the results 
of the Schwabing Study, where triglyceride plasma level 
appeared as the main lipid abnormality positively 
linked to the 5-year incidence of major vascular events 
in diabetic patients [25], and with the data of the WHO 
Multinational Study on the Complications of Diabetes 
[261. 

In non-diabetic populations, the relationship be- 
tween triglyceride plasma level and cardiovascular risk 
generally appears to be mediated through other meta- 
bolic abnormalities [27]. This statement also applies to 
the results of the global analysis of the Paris Prospective 
Study [7, 8]. However, there may be some particular 
metabolic situations where hypertriglyceridaemia is an 
independent marker of CHD risk [28]. For example, it 
has already been shown with the data of the Paris Pro- 
spective Study that plasma triglyceride level was an in- 
dependent predictor of CHD mortality risk in subjects 
with a low plasma cholesterol level [29]. This predictive 
value could be due to the inverse relationship between 
triglyceride-rich lipoproteins and high-density lipopro- 
teins [30, 31], since high HDL levels have been shown to 
be associated with a lower cardiovascular risk [32]. 

Both high triglyceride levels and low HDL concentra- 
tions are typically found in non-insulin-dependent 
diabetes and impaired glucose tolerance [33-35]. This 
particular form of dyslipidaemia could be related to an 
impairment of insulin action, one of the key factors in the 
regulation of lipoproteins metabolism [30, 36], and accu- 
mulating evidence tends to make it a marker of insulin 
resistance [37-40]. It may possibly be a causal factor of 
coronary artery disease, by itself[41], or through the athe- 
rogenicity of VLDL catabolism remnants [42], or because 
of the enrichment of HDL particles with triglyceride 
rather than cholesterol, which could lower their capacity 
for cholesterol uptake and therefore deteriorate their 

antiatherogenic power [43]. Keeping in mind that insuli- 
naemia was an independent risk factor of CHD death in 
the global analysis of the Paris Prospective Study [7, 8], 
and that CHD mortality risk was clearly higher in hyper- 
insulinaemic-hypertriglyceridaemic subjects with ab- 
normal glucose tolerance (Fig. 2), the results of the pres- 
ent analysis support the hypothesis that the increased risk 
of coronary artery disease in subjects with abnormal glu- 
cose tolerance is due to the clustering of cardiovascular 
risk factors associated with insulin resistance [44-47]. 

The increase in CHD mortality risk with triglyceride 
plasma concentration in subjects with impaired glucose 
tolerance or diabetes awaits confirmation from other 
prospective studies. However, if it proves stable, such a 
dyslipidaemia should be sought in this population as a 
simple way of identifying those who are more "at risk" 
of coronary heart disease. Preventive interventions are 
still to be defined, but an appropriate guideline might 
be to reduce insulin resistance and /or  to improve lipo- 
protein profile by way of diet, exercise, and possibly 
drugs [48-51]. 
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