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Summary. The Paris Prospective Study is a long-term, large- 
scale study of the factors predicting coronary heart disease. 
The first follow-up examination included, for subjects not 
known as having diabetes mellitus, a 75 g oral glucose toler- 
ance test with measurement of plasma insulin and glucose 
levels, fasting and 2 h post-load. Between 1968 and 1973, 
6903 men aged 43-54 years were thus examined. Causes of 
death were ascertained within this group after 15 years of 
mean follow-up. The baseline variables were tested as pre- 
dictors of death from coronary heart disease by a Cox regres- 
sion analysis. Significant independent predictors of coronary 
heart disease death were: systolic blood pressure, number of 
cigarettes per day, plasma cholesterol level, and 2 h post-load 
plasma insulin level when entered as a categorical variable 
(below or above 452 pmol/1, i.e. the lower limit of the fifth 
quintile of the distribution). This dichotomization was per- 
formed to account for the non-linear univariate distribution 
of deaths with increasing post-load insulin values. Fasting 

plasma insulin level was not an independent predictor of 
death by coronary heart disease over this long-term follow- 
up. Levels of blood glucose were not significant independent 
predictors of death by coronary heart disease when plasma 
insulin levels were included in the model. The same applied 
to abnormalities of glucose tolerance when the 125 men with 
known non-insulin-treated diabetes at baseline were added 
to the group. Under the assumption that hyperinsulinaemia 
is a marker of insulin resistance, the results are consistent 
with the hypothesis that insulin resistance is associated with a 
higher risk of coronary heart disease mortality. However, it is 
doubtful that circulating insulin per se is a direct cause of ar- 
terial complications. 
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heart disease risk factors, plasma insulin level, insulin resis- 
tance. 

Clinical complications of atherosclerosis remain a major 
cause of mortality in most developed countries. Epidemi-  
ologic data supported by three large prospective surveys 
initiated independently in the late sixties, have suggested 
a role for hyperinsulinaemia as an independent risk factor 
for coronary heart disease (CHD)  [1-3]. 

However,  though some fundamental  studies appear  to 
give support to the hypothesis of a link between plasma in- 
sulin levels and atherosclerotic lesions [4], the epidemiolo- 
gic evidence has recently been questioned [5]. The que- 
stion under debate mainly relates to the potential  causality 
of the relationship between hyperinsulinaemia per se and 
clinical manifestations of atherosclerosis. Though causali- 
ty is not a problem to be solved by non-interventional epi- 
demiologic studies, the weakening or the disappearance of 
the predictive power of a variable over  an event in such stu- 
dies can be considered as an argument against causality [6]. 

Therefore,  it was deemed relevant to study whether the 
predictive power  of hyperinsulinaemia over C H D  death, 

assessed in the Paris Prospective Study at 11-year follow- 
up [1], remained unchanged over a longer follow-up peri- 
od. 

Recently, the follow-up for deaths in the Paris Prospec- 
tive Study was extended to 15 years. The aim of the pres- 
ent work was to analyse the factors which independently 
contributed to the prediction of CHD death over  this fol- 
low-up period, with a particular focus on plasma insulin 
levels. 

Subjects  and m e t h o d s  

The Paris Prospective Study is a long-term prospective investigation 
of the risk factors for cardiovascular disease in a middle-aged male 
population, namely male employees of the Paris Civil Service aged 
42-53 years at entry. The general aims, detailed methodology (in 
compliance with the Declaration of Helsinki, 1964) and population 
characteristics of the study have been previously described [7] and 
only data relevant to the present analysis will be summarized here. 
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Table 1. Comparison of baseline variables (mean • SD) between 
subjects who died from coronary heart disease (CHD) during the 15- 
year follow-up (group A, n = 174), and subjects who died from an- 
other cause or who were alive at the end of follow-up (group B, 
n = 6540) 

Group A B 

Age (years) 49.0 • 2.0 48.5 • 2.0 

SBP (ram Hg) 156.0 • 29.1 143.7 • 21.4 

DBP (ram Hg) 87.9 + 16.0 81.3 • 12.8 

CHOL (mmol/1) 5.98 + 1.06 5.63 + 1.07 

TG (mmol/1) a 1.36 + 0.02 1.24 + 0.02 

CIG (no/day) 12.9 • 10.4 9.1 • 10.3 

BMI (kg/m 2) 26.7 _+ 3.2 26.0 +_ 3.3 

FPI (pmol/1) a 80.6 + 14.1 71.0 + 13.8 

2 hPI (pmol/1) a 263.1 • 16.8 233.9 • 16.1 

% with FPI > 108 pmol/1 b 32.2% 22.6% 

% with 2 hPI > 452 pmol/P 31.0% 19.6% 

FBG (mmol/1) 5.9 • 1.0 5.7 • 0.8 

2 hBG (mmol/1) 6.3 +_ 2.8 5.9 _+ 2.2 

% with 2 hBG > 7.8 mmol/l ~ 
(or with known diabetes) 21.0% 13.5% 

All differences between A and B are statistically significant at at 
least p < 0.05, except for 2 h insulin taken continuously (p < 0.06). 
Only subjects with complete information for all variables are in- 
cluded (n = 6714). 
Abbreviations: SBP - systolic blood pressure; DBP - diastolic blood 
pressure; C H O L  - plasma cholesterol; TG - plasma triglyceride; 
CIG - cigarette smoking; BMI - body mass index; FPI - fasting plas- 
ma insulin; 2 h P I -  2 h post-load plasma insulin; FBG - fasting blood 
glucose; 2 hBG - 2 h post-load blood glucose. 

Geometric mean and SD (log-transformation); 
b i.e. belonging to the last quintile of the distribution; 
c i.e. with impaired glucose tolerance or diabetes according to WHO 
criteria, 1985 [12] 

The first annual follow-up session (1968 1973) was attended by 
7434 mate employees of the Paris Civil Service, aged 43-54 years 
who gave consent to participate in the study. It included a cardiovas- 
cular clinical examination, biological measurements, and a medical 
history questionnaire. At  the time of this examination, 270 men with 
diagnosed cardiovascular disease were excluded from the follow-up. 
Blood pressure was measured by standard cuff technique, with the 
subjects in the sitting position. Body mass index was calculated as the 
ratio of weight (kg) by squared height (m2). Cigarette consumption 
was recorded, and an overnight fasting venous bIood sampte was 
taken for measurement of serum cholesterol, triglyceride, plasma 
glucose and insulin levels. A 75 g oral glucose tolerance test was per- 
formed on 6903 subjects with no evidence of cardiovascular disease 
or diabetes, and plasma glucose and insulin were measured 2 h after 
the glucose load. Insulin measurements were performed by standard 
radioimmunoassay [8]. 

The group considered for analysis in the present paper consists of 
these 6903 men plus 125 known non-insulin-treated diabetic sub- 
jects. The ten insulin-treated diabetic subjects of the population 
were excluded from the analyses, since the presence of exogenous in- 
sulin interfered with the interpretation of plasma insulin values. 

All deaths up to I January 1987 (mean follow-up: 15 years) were 
counted and certified using the following procedure. Deaths were 
systematically reported by the different administrative departments 
of the Paris Civil Service, with a 98% completeness as estimated by 
cross-checking the register of all subjects included in the study. Ad- 
ditional enquiries to families, general practitioners, or hospitals, 
were organized to obtain information regarding the circumstances 
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and causes of death. The underlying cause of death was then ascer- 
tained and coded by a panel of physicians. Coding was performed ac- 
cording to the International Classification of Diseases (8th revision, 
to continue with the classification in use at the time of the previous 
reckoning points of the study). In the present analysis, only deaths 
caused by CHD to a large extent were considered, i.e. (1) myocar- 
dial infarction: codes 410.0 to 414.9, representing 29% of all CHD 
deaths; (2) sudden death: code 795.0, representing 51% of all CHD 
deaths; (3) heart failure: codes 782.0 to 782.9 and codes 427.0, 427.1, 
519.t, representing 20% of all CHD deaths. In view of the French 
death certification characteristics, this grouping has been shown to 
adequately represent ischaemic cardiac deaths, and the distribution 
is consistent with French mortality data [9]. 

Statistical analysis 

For statistical analyses, subjects with missing values for one or more 
variables used in the test were excluded. The basic comparisons were 
made between subjects who died from CHD and subjects who were 
alive or who died from another cause, to remain consistent with pre- 
vious reports from the Paris Prospective Study (the differences were 
all more marked when subjects who died from a non-CHD cause 
were excluded from the comparisons). All testing methods were 
usual parametric ones. Multivariate analyses of the predictive power 
of baseline variables towards CHD death used the Cox regression 
model [10]. In the case of a non-linear relationship between a vari- 
able and CHD mortality, the variable was either log-transformed or 
categorized in order to ensure a better fit to statistical modelling. Be- 
cause of the narrow age-range of the population, no adjustment for 
age was made for univariate analyses. However, age was forced into 
the equation of the Cox model. All statistical analyses were made 
using the SAS statistical package [11 ]. 

R e s u l t s  

A t  15 -yea r  f o l l ow-up ,  sub jec t s  w h o  d i e d  f r o m  C H D  
(n = 174) d i f f e r e d  s ign i f i can t ly  o n  all b a s e l i n e  v a r i a b l e s  
l i s ted  in T a b l e  I f r o m  t h o s e  w h o  w e r e  a l ive  o r  w h o  d i e d  
f r o m  a n o t h e r  cause .  T h e  h i g h e s t  p -va lues  for  d i f f e r e n c e s  
(p < 0.0001) w e r e  t h o s e  fo r  b l o o d  p r e s s u r e ,  p l a s m a  cho les -  
t e ro l  l eve l ,  and  s m o k i n g  habi ts .  Sub j ec t s  w h o  d i e d  f r o m  
C H D  h a d  h i g h e r  p l a s m a  insu l in  levels ,  b o t h  fas t ing  ( F P I )  
(p < 0.01) and  2 h p o s t - l o a d  (2 h P I )  (p < 0.06), a n d  w e r e  
s ign i f i can t ly  m o r e  l ike ly  to  h a v e  t he i r  p l a s m a  insu l in  l eve l s  
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Fig.1. Annual mortality rates for coronary heart disease (CHD) 
along quintiles of fasting plasma insulin levels at entry to 15-year fol- 
low-up. Number of subjects with complete information: 6937. Num- 
ber of CHD deaths: 178. On top of bars: annual mortality rates and 
95% confidence intervals in parentheses 



358 

3 

~2,5 
,.~ 

'~ 2 
,-~ 
,.-& 

1,5 

1 

== 0,5 
< 

0 

2.70 
(l g7 

_<115 116-186 187-280 281-452 _>453 

2-h post-load insulin plasma level (pmol/1) 

Fig.2. Annual mortality rates for coronary heart disease (CHD) 
along quintiles of 2 h post-load plasma insulin levels at entry to 15- 
year follow-up. Number of subjects with complete information: 
6889. Number of CHD deaths: 178. On top of bars: annual mortality 
rates and 95% confidence intervals in parentheses 

in the  uppe r  quint i le  of  the  d i s t r ibu t ion  (FPI ,  p < 0.01; 
2 hPI ,  p < 0.001). T h e  d i s t r ibu t ion  of  annua l  C H D  mor-  
tal i ty  ra tes  a long quint i les  of  fast ing insulin (Fig. 1) and  of  
2 h pos t - l oad  insul in (Fig .2)  i nd ica t ed  tha t  the  r isk in- 
c reased  more  regular ly  a long  quint i les  of  F P I  than  a long 
quint i les  of  2 hPI.  C H D  mor ta l i t y  r isk was c lear ly  highest  
in the  last  quint i le  of  2 hPI  d is t r ibut ion ,  but  a p p e a r e d  also 
fair ly high in the  second  quint i le .  To ques t ion  whe th e r  this 
obse rva t ion  could  be accoun ted  for by  sampl ing  vari-  
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at ions,  C H D - r e l a t e d  base l ine  var iables  were  c o m p a r e d  
across quint i les  of  2 hPI.  T h e  resul ts  d id  no t  show any  par -  
t icular  cluster  of C H D  risk factors  in the  second  quint i le  Of 
2 hPI  (Table  2); on the  contrary,  all  va lues  s e e m e d  to in- 
c rease  regu la r ly  across quinti les.  The  poss ib i l i ty  of a dif- 
fer ing d i s t r ibu t ion  of  C H D - r e l a t e d  causes of  dea th  was 
also checked:  though  numbe r s  were  small  wi th in  each 
quint i le  of  2 hPI ,  no  obvious  t r end  was de t ec t ed  ( f rom first 
to last  quint i le ,  pe r c e n t a ge  of  sudden  deaths :  64%,  50%,  
52%,  50%,  47%;  pe r c e n t a ge  of  m y o c a r d i a l  infarct ions:  
7%,  33%, 28%,  33%, 33%).  Thus,  no exp lana t ion  o the r  
than  sampl ing  var ia t ions  could  read i ly  account  for  the  
C H D  mor t a l i t y  ra te  in the  second  quint i le  of  2 hPI  com- 
p a r e d  to the others .  

Al l  va r iab les  r e l a t ed  to C H D  risk were  genera l ly  re-  
l a ted  to  each o the r  (Table  3), which  showed  the  necess i ty  
of  mul t iva r i a t e  ad jus tmen t  to  ident i fy  the  i n d e p e n d e n t  
p red ic to r s  of  C H D  death .  The  Cox p r o p o r t i o n a l  haza rds  
regress ion  m o d e l  [10] was used for  this  purpose ,  and two 
mode l s  were  p r o p o s e d  and tes ted ,  in re la t ion  to  the  differ-  
en t  d is t r ibut ions  of  C H D  mor t a l i t y  wi th  insulin p l a sma  le- 
vels, regular ly  increas ing  with  increas ing FPI ,  vs m o r e  ab-  
rup t ly  increas ing  in the  last  quint i le  of  2 hPI.  T h e  resul ts  of  
the  regress ion  analysis  a re  shown in Table  4. 

Model 1 p r o p o s e d  all va r iab les  as cont inuous ,  t he r e fo re  
f i t t ing a m o d e l  whe re  C H D  mor ta l i t y  risk inc reased  con-  
t inuous ly  with increas ing  levels of  the  var iab les  tes ted .  To 
a l low for the  basa l  d i s t r ibu t ion  of  the  var iab les  in the  
popu la t ion ,  p l a s m a  insulin levels (fasting and  2 h post-  

Table 2. Values of baseline variables (mean + SD) according to quintiles of 2 h post-load plasma insulin level at entry to follow-up 

Quintiles of 2 h post-load plasma insulin 

1 2 3 4 5 

Age (years) 48.2 + 2.0 48.2 + 2.0 48.6 + 2.0 48.7 + 1.9 48.7 + 1.9 
SBP (ram Hg) 139.3 + 18.5 140.7 + 20.4 141.6 + 20.9 145.7 + 22.1 151.8 + 24.0 
CHOL (mmol/1) 5,42 + 1.02 5.53 _+ 1.06 5.61 + 1.04 5.69 + 1.08 5.74 + 1.08 
TG (retool/l) 1.09 + 0.02 1.12 + 0.02 1.22 +_ 0.02 1.34 _+ 0.02 1.48 _+ 0.02 
CIG (no/day) 11.1 + 10.9 9.5 _+ 10.2 9.3 + 10.6 8.7 -+ 10.2 7.8 + 9.8 
BMI (kg/m 2) 24.8 + 2.9 25.3 + 3.0 25.7 _+ 3.1 26.4 + 3.1 27.7 _+ 3.4 
FPI (pmol/l) 47.5 + 13.0 62.0 + 12.8 64.3 _+ 12.8 79.6 +- 12.7 119.0 _+ 12.7 
FBG (mmol/1) 5.49 _+ 0.69 5.59 + 0.72 5.65 _+ 0.77 5.78 +_ 0.86 5.93 +_ 0.76 
2 hBG (mmol/1) 4.40 + 1.44 5.19 -+ 1.88 5.81 -+ 1.91 6.52 + 2.26 7.30 _+ 2.16 

Abbreviations: SBP - systolic blood pressure; CHOL - plasma cholesterol; TG - plasma triglyceride; CIG - cigarette smoking; BMI - body 
mass index; FPI - fasting plasma insulin; FBG - fasting blood glucose; 2 hBG - 2 h post-load blood glucose 

Table 3. Correlation matrix between variables tested in multivariate analysis 

Age SBP CHOL TG CIG BMI FPI 2 hPI FBG 2 hBG 

Age 1 
SBP 0.127 1 
CHOL 0.007 a 0.138 1 
TG 0.024 0.172 0.395 1 
CIG - 0.003 a - 0.019 a 0.008 a 0.057 
BMI 0.044 0.344 0.159 0.273 
FPI 0.003 ~ 0.220 0.073 0.247 
2 hPI 0.089 0.202 0.098 0.221 
FBG 0.044 0.276 ~ 0.142 0.193 
2 hBG 0.048 0.275 0.093 0.175 

1 
- 0.094 1 
- 0.091 0.430 1 
- 0.108 0.315 0.503 1 
- 0.042 0.290 0.280 0.212 
- 0.035 0.167 0.205 0.467 

1 
0.588 1 

Abbreviations: SBP - systolic blood pressure; CHOL - plasma cho- 
lesterol; TG - plasma triglyceride; CIG - cigarette smoking; BMI - 
body mass index; FPI - fasting plasma insulin; 2 hPI - 2 h post-load 

plasma insulin; FBG - fasting blood glucose; 2 hBG - 2 h post-load 
blood glucose 
~ Not statistically significant (p > 0.05) 
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Table 4. Cox multivariate analysis of predicting variables for coronary heart disease (CHD) mortality at 15-year follow-up 
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Model i Model 2 

Regression coefficient a p value b 
(standard error) 

Regression coefficient a p value b 
(standard error) 

Age 0.070 (0.042) 0.10 Age 0.067 (0.042) 0.11 
SBP 0.185 (0.027) 0.0001 SBP 0.171 (0.027) 0.0001 
CIG 0.033 (0.006) 0.0001 CIG 0.034 (0.006) 0.0001 
CHOL 0.005 (0.002) 0.003 CHOL 0.005 (0.002) 0.004 
Log FPI (not entered) 0.13 CL2 hPI 0.438 (0.169) 0.01 
Log 2 hPI (not entered) 0.50 CLFPI (not entered) 0.53 
FBG (not entered) 0.52 FBG (not entered) 0.64 
2 hB G (not entered) 0.63 2 hB G (not entered) 0.91 
BMI (not entered) 0.77 BMI (not entered) 0.74 
Log TG (not entered) 0.69 Log TG (not entered) 0.47 

Age was forced into the equation. Only subjects with complete infor- 
mation on all variables are included (n = 6714). Abbreviations: SBP 
- systolic blood pressure; CHOL - plasma cholesterol; TG - plasma 
triglyceride; CIG- cigarette smoking; BMI- body mass index; FPI - 
fasting plasma insulin; 2 hPI - 2 h post-load plasma insulin; CLFPI - 
classes of FPI (below or above 108 pmol/1); CL2 hPI - classes of 

2 hPI (below or above 452 pmol/l); FBG - fasting blood glucose; 
2 hBG - 2 h post-load blood glucose. 
a In the final equation, i. e. when last variable where p -value to pro- 
pose for entry was below 0.05 has been entered into the equation. 
b TO remove an entered variable or to propose a variable for entry 

load) and plasma triglyceride level were log-transformed. 
Significant independent predictors were: blood pressure, 
smoking, and plasma cholesterol level. Fasting plasma in- 
sulin level, though not significantly and independently re- 
lated to CHD mortality, was the next factor to be entered 
in the model at a p  -value of 0.13. 

Model 2 proposed plasma insulin levels as dichotomous 
variables (last quintile of the distribution: yes/no). Plasma 
triglyceride level was log-transformed to be tested. Other 
variables were tested as continuous natural values. In this 
model, 2 h post-load plasma insulin appeared as a signifi- 
cant independent predictor of CHD death, after blood 
pressure, smoking, and plasma cholesterol level. 

Plasma glucose levels, fasting or 2 h post-load, never 
appeared as significantly and independently related to 
CHD mortality. To ensure that it was not because they 
were taken as continuous variables, another model was 
tested where 2 h post-load plasma glucose was dicho- 
tomized, below or above the threshold proposed by the 
World Health Organisation for impaired glucose toler- 
ance (7.8 mmol/1) [12]. This also allowed inclusion of all 
known non-insulin-treated diabetic subjects of the popu- 
lation, in the class above the threshold. With this model, 
independent predictors of CHD death remained exactly 
the same, with the same order of entry and significance 
level, with plasma insulin levels either taken continuously 
or dichotomized. Dichotomized 2 h post-load glucose 
level never reached a sufficiently significant p -value to be 
entered in the model (p -values to propose for entry were 
0.27 in the model with continuous insulin values and 0.65 
in the model with dichotomized insulin values). 

Discussion 

The present analysis of the Paris Prospective Study con- 
firms previous results on the major risk factors of coronary 
heart disease mortality, i.e. blood pressure, smoking, and 
plasma cholesterol levels. 

The original finding within the Paris Prospective Study 
at 15-year follow-up is the predictive power of 2 h post- 
load plasma insulin level (last quintile vs first four quin- 
tiles), independently of all other variables. However, 
when plasma insulin levels were entered into the regres- 
sion equation as continuous variables, neither fasting nor 
2 h post-load insulinaemia appeared as independent pre- 
dictors, whereas with this same model fasting insu- 
linaemia was an independent predictor at l l - yea r  follow- 
up [1]. This influence of modelling on the results of the 
multiple regression analysis derived from the different 
shapes of the distribution of CHD mortality along quin- 
tiles of fasting plasma insulin level on the one hand 
(Fig. 1), and of 2 h post-load plasma insulin level on the 
other hand (Fig. 2.).. It is worth noting that in the Helsinki 
Policemen Study [2], the equivalent distributions showed 
an inverse pattern compared to the Paris Prospective 
Study: CHD incidence rates increased linearly with post- 
load insulinaemia, and abruptly with the last quintile of 
fasting insulinaemia. This may explain why with the same 
modelling (insulin levels being taken as continuous vari- 
ables), one study (Helsinki) [2] found post-load insulin 
levels to be independent predictors whereas the other 
(Paris) [1] found fasting insulin levels to be such. This in- 
consistency in results was one major argument for ques- 
tioning the validity of regarding insulinaemia as being re- 
lated to CHD [5]. However, in all three prospective 
studies that measured plasma insulin levels at entry to fol- 
low-up [1-3], insulinaemia, fasting or stimulated depend- 
ing on the model, was consistently the only significant fac- 
tor related to CHD risk in men when major measured 
predictors (age, blood pressure, smoking, total plasma 
cholesterol level) were taken into account. It is worth not- 
ing that blood glucose values or diabetes and abnor- 
malities of glucose tolerance were ruled out of the predic- 
tion model when plasma insulin levels were entered into 
the equation. The same was true for the plasma trigly- 
ceride levels and body mass index. As all these variables 
are closely linked (Table 3), one interpretation of this 
finding is that insulinaemia is the most important "sum- 
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mary" variable for predicting CHD risk, at least in pre- 
dominantly non-diabetic subjects (since diabetic subjects 
were a very small proportion of the group analysed, and it 
is already known that their CHD risk is better predicted 
by triglyceride plasma level [13]). Therefore,  it can be con- 
sidered that the 15-year follow-up analysis of the Paris 
Prospective Study gives renewed strength to the hypo- 
thesis that high insulin plasma levels are related, although 
probably in an indirect way, to an increased incidence of 
complications of atherosclerosis [4]. 

The problem of the causality of the relationship is not 
one that epidemiologic observational studies can directly 
solve. However, the evidence given here does not support 
such a causality between plasma insulin levels per se and 
CHD risk, as the relationship, though consistent, is much 
weaker (both in p-values and in consistency across 
studies, or over different lengths of follow-up) than the re- 
lationship between CHD and blood pressure, cholesterol 
or cigarette consumption. It is also true, as was pointed out 
by Jarrett  [5], that lipoprotein fractions have not been 
measured as baseline variables, and therefore could well 
be the "actual" predictors of CHD, especially with regard 
to the negative relationship between insulin and HDL-  
cholesterol plasma levels [14, 15]. Besides, what exactly is 
measured by the insulin radioimmunoassay may actually 
be a mixture of several insulin-like peptides [16], obscur- 
ing further the issue of causality at the biological level, 
though a contrario denoting that the epidemiological rela- 
tionship between insulin and CHD risk must be strong to 
be detected despite the apparently poor reliability of the 
measure [4, 17]. 

Let  apart the causality, what can definitely be derived 
from prospective observations is that high immunoreac- 
tive insulin plasma levels certainly indicate and mark the 
existence of a cardiovascular risk factor, or risk situation. 

Since insulin was first hypothesized to be a cardiovas- 
cular risk factor, or marker [18, 19], and since epidemio- 
logic cross-sectional or prospective studies gave support 
to this hypothesis [3, 20, 21], a number of studies have fo- 
cussed on the clustering of metabolic disturbances, in- 
cluding hyperinsulinaemia, that are associated with in- 
sulin resistance [22-25]. There seems to be increasing 
evidence that potentially atherogenic abnormalities are 
consistently found in subjects with high plasma insulin le- 
vels, including non-insulin-dependent diabetic subjects 
[26-28]: a particular lipoprotein profile (high triglyceride, 
low HDL-cholesterol),  elevated blood pressure, glucose 
intolerance. This association of risk factors has recently 
received the name of syndrome X [29, 30], and Reaven 
has given an overview of how this "syndrome" could ex- 
plain the risk of developing both cardiovascular disease 
and non-insulin-dependent diabetes [29]. Epidemiologic 
studies so far appear to support this explanation. Inde- 
pendent predictors of cardiovascular complications, after 
the classic major ones, are hyperinsulinaemia, or low 
plasma HDL-cholesterol  levels [31, 32], or high trigly- 
ceride plasma levels [13, 33, 34], depending on the char- 
acteristics of the population and on what was measured 
at entry to follow-up. Also, hyperinsulinaemia has been 
found to be a predictor of future diabetes in subjects with 
normal glucose tolerance [35-38], and a common trait in 
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offspring of non-insulin-dependent diabetic parents [39- 
41]. 

In view of this evidence, it may well be that the high car- 
diovascular risk of non-insulin-dependent diabetic pa- 
tients develops before the appearance of substantial 
hyperglycaemia [29, 42]. The confirmation in the Paris 
Prospective Study that hyperinsulinaemia remains a mar- 
ker of CHD-related death risk indicates that the research 
on insulin resistance, or syndrome X, may eventually offer 
new alternatives in the prevention of cardiovascular dis- 
eases, particularly in subjects "at risk" for non-insulin-de- 
pendent diabetes mellitus. 
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