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Summary. The Paris Prospective Study is a long-term, large- 
scale study of the factors predicting coronary heart disease in 
healthy middle-aged men. Subjects with impaired glucose 
tolerance or diabetes (not treated by insulin) at the first fol- 
low-up examination (n = 973) were selected from the total 
cohort for a separate analysis of the predictors of death from 
coronary heart disease. An index of body fat distribution, the 
iliac to thigh ratio, was entered into the list of potentially pre- 
dictive variables, despite the fact that it had been measur- 
ed one year before the first follow-up examination. After 
15 years of mean follow-up, 41 of the selected subjects had 
died from coronary heart disease. Univariate analysis 
showed that these subjects differed from the subjects who 
died of another cause or who were alive at 15 years on the fol- 
lowing variables: iliac to thigh ratio (p < 0.0005), plasma tri- 
glyeride level (p < 0.006), systolic blood pressure (p < 0.01), 

and body mass index (p < 0.04). In multivariate regression 
analysis using the Cox model, only iliac to thigh ratio and tri- 
glyceride plasma level achieved statistical significance as 
independent predictors. This result supports the current 
hypothesis that upper-body fat distribution, a characteristic 
trait of subjects with diabetes of glucose intolerance, plays an 
important role towards their high cardiovascular risk. How- 
ever, it is unlikely that this role would be mediated through 
the lipid abnormalities that have been described as associ- 
ated with upper-body fat deposition. 
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Following the recent publication of prospective results, an 
increased interest is currently arising in the relationships 
between body fat distribution and cardiovascular disease 
[1]. Metabolic disturbances associated with upper-body 
fat distribution seem to be related to insulin resistance and 
are potentially atherogenic and diabetogenic [2]. The hy- 
pothesis that this type of fat distribution, common among 
diabetic subjects, both male and female [3], could be an 
important  contributor to the high rate of cardiovascular 
comphcations observed in diabetes has therefore been 
suggested [4]. 

Two years ago we published the results of a prospective 
assessment of the risk factors for death from coronary heart  
disease (CHD) in subjects with impaired glucose tolerance 
or diabetes, where plasma triglyceride level appeared as a 
major predictor [5]. However,  anthropometric  measures 
were not  taken into account in the predictive model, not be- 
cause they were absent from the dataset (the Paris Prospec- 
tive Study), but  because they had been measured one year 
before the oral glucose tolerance test was performed, 
hence before the starting point for our analysis. 

Despite this one year interval between baseline vari- 
ables, including an index of body fat distribution in the 
predictive model  could be of great interest. Therefore,  we 
decided to re-analyse the predictors of CHD death in sub- 
jects who presented with impaired glucose tolerance or 
diabetes at the first annual follow-up examination of the 
Paris Prospective Study. 

Subjects and methods 

The Paris Prospective Study is a long-term prospective investigation 
of the risk factors of cardiovascular disease in a middle-aged male 
population, namely male employees of the Paris Civil Service aged 
42-53 years at entry (1967-1972). The general aims, detailed metho- 
dology (in compliance with the Declaration on Helsinki, 1964) and 
population characteristics of the study have been previously de- 
scribed [6] and only data relevant to the present analysis wilt be sum- 
marized here. 

At the first annual follow-up examination (1968-1973), a 75-g 
oral glucose tolerance test was performed on subjects with no evi- 
dence of cardiovascular disease, and plasma glucose and insulin were 
measured 2 h after the load. Insulin measurements were performed 
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Table 1. Comparison of baseline variables (mean + SD) between 
subjects who died from coronary heart disease during the 15-year 
follow-up (Group A, n = 41) and subjects who died from another 
cause or who were alive at the end of follow-up (Group B, n = 932). 
All subjects had abnormal glucose tolerance at baseline 

Group A B p value 

Age (years) 48.6 + 2.1 48.6 _+ 1.9 0.95 
% smokers 68 % 55 % 0.10 
SBP (mm Hg) 166 + 29 156 + 26 0.01 
BMI (kg/m 2) 28.3 + 4.1 27.0 + 3.8 0.04 
ITR 1.90+0.14 1.82+0.14 0.0005 
Cholesterol (retool/l) 6.09 _+ 0.83 5.75 _+ 1.16 0.07 
TG (retool/l)" 1.89 (0.02) 1.47 (0.02) 0.006 
FBG (mmot/1) 6.67 + 1.59 6.49 + 1.42 0.39 
2hBG (retool/l) 10.46 _+ 3.20 9.89 + 2.78 0.22 
FPI (pmol/1)" 106.1 (14.9) 94.5 (14.9) 0.37 
2hPI (pmol/1) ~ 496.0 (14.3) 452.4 (t4.9) 0.47 
% with 2hPI > 460 

pmol/1 b 63 % 49 % 0.09 
IVICV (fl) 99 + 7 97 + 6 0.09 

SBR systolic blood pressure; BMI, body mass index; ITR, iliac to 
thigh ratio; TG, plasma triglyceride; FBG, fasting blood glucose; 
2hBG, 2 h post-load blood glucose; FPI, fasting plasma insulin; 2hPI, 
2 h post-load plasma insulin; MCV, mean corpuscular volume 

Geometric mean and SD (log-transformation) 
b Last quintile of 2hPI distribution in the total cohort of the Paris 
Prospective Study 
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subjects included in the study. Coding of the cause of death, ascer- 
tained on all available information by a panel of physicians, was per- 
formed according to the International Classification of Diseases (Sth 
revision). In the present analysis, only deaths caused by CHD to a 
large extent were considered, i.e. myocardial infarction (410.0 to 
414.9), sudden death (795.0), and heart failure (782.0 to 782.9 and 
427.0, 427.1,519.1). In view of the French death certification cate- 
gorisation, this grouping has been shown to adequately represent 
ischaemic cardiac deaths [7]. 

Statistical analysis 

For statistical analyses, subjects with missing values for one or more 
variable used in the test were excluded. Tile basic comparisons were 
made between subjects who died from CHD and subjects who were 
alive or who died from another cause (the differences were all more 
marked when subjects who died from a non-CHD cause were ex- 
cluded from the comparisons). Because of the narrow age-range 
of the population, no adjustment for age was made for univariate 
analyses. All testing was done by the usual parametric methods. 
Multivariate analyses of the predictive power of baseline variables 
towards CHD death used the Cox regression model. All statistical 
analyses were made using the statistical package SAS (SAS Institute 
Inc, Cary, NC, USA). 

Results 

Table 2. Correlation matrix between univariate significant predic- 
tors of death from coronary heart disease in subjects with abnormal 
glucose tolerance. All coefficients are significantly different from 0 
(p < 0.0001, except for SBP-TG:p < 0.001) 

SBP BMI ITR TG 

SBP 1 0.293 0.168 0.108 
BMI 1 0.242 0.283 
ITR 1 0.122 
TG 1 

SBR systolic blood pressure; BMI, body mass index; ITR, iliac to 
thigh ratio; TG, plasma triglyceride 

by standard radioimmunoassay. The examination also included a 
cardiovascular clinical examination, biological measurements, and a 
medical history questionnaire. One year before, i. e. at entry, anthro- 
pometric measurements had been performed on the participating 
subjects. Anthropometric indices were measured by three spedally 
trained technicians, the subjects being in a standing position (the 
arms down along the body) and in apnea fixed at mid-respiratory 
phase. They included measures of the iliac circumference (at the iliac 
crest) and of the left thigh circumference (at mid-point between the 
trochanter and the external condyle), obtained with a flexible 
measuring tape to the nearest millimeter. As an index of body fat dis- 
tribution, we used the ratio of these two circumferences, iliac to thigh 
ratio. 

The group considered for analysis in the present paper consists of 
the 973 subjects who either had known diabetes at the time of the 
first follow-up examination (n = 135; 10 of whom were insulin- 
treated and were therefore excluded from the analysis), or were 
diagnosed on the oral glucose tolerance test as having diabetes 
(n = 158) or impaired glucose tolerance (n = 690) by WHO criteria. 
All but three subjects with impaired glucose tolerance had, the year 
previously, had their iliac to thigh ratio measured anthropometri- 
cally. 

All deaths up to 1 January 1987 (mean follow-up:15 years) were 
cotmted and certified using a standardised procedure, ensuring a 
98 % completeness as estimated by cross-checking the register of all 

Mean  annual  mortal i ty  rates f rom C H D  at 15-year follow- 
up were  2.87 per  1000 for subjects with impaired glucose 
tolerance,  2.77 per  1000 for newly-diagnosed diabetic sub- 
jects (i. e. whose  diabetes was discovered on the oral  glu- 
cose tolerance test), and 4.13 per  1000 in subjects who had 
an a l ready-diagnosed diabetes when  they a t tended  the 
first fol low-up examination.  

The above three subgroups of  glucose intolerance were 
combined  in an "abnorma l  glucose to lerance"  group. The  
subjects of  this group who died f rom C H D  (n = 41) signi- 
ficantly differed f rom the subjects who died f rom ano ther  
cause or  who were  alive at 15-year fol low-up (n = 932) on 
the following baseline variables: systolic b lood  pressure 
(p <0.01),  b o d y  mass index (p <0.04),  iliac to thigh 
ratio (p < 0.0005), p lasma triglyceride level (p < 0.006) 
(Table 1). These  four  variables were related to one 
another  (Table 2), but  it was already known  that  p lasma 
triglyceride level was the strongest  predic tor  of  C H D  
death in this popula t ion  with abnormal  glucose tolerance 
when  adjusted for  b lood  pressure and body  mass index 
[5, 8]. Therefore ,  before  mult ivariate adjustment ,  we 
concent ra ted  on the respective predict ive power  of  
triglyceride level and iliac to  thigh ratio. 

In  order  to visualise the respective influences of  iliac to 
thigh rat io and tr iglyceride p lasma level on C H D  mor-  
tality risk, these two variables were  d ichotomized  by their 
respective med ian  in the whole  g roup  with abnormal  glu- 
cose tolerance,  and subjects were distr ibuted into four  
classes depending  on  whe the r  they  had  low or high iliac to  
thigh ratio, and low or  high tr iglyceride level. C H D  mor -  
tality rates were lowest  (0.86 per  1000 per  year)  in subjects 
" low" for  the two variables,  and highest  (6.30 per  1000 per  
year)  in subjects "high" for  the two variables; they  were  
in termediate  and similar for  subjects who had only  a high 
iliac to  thigh ratio (2.25 per  1000 per  year)  or  only a high 
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Fig.1. Mean annual coronary heart disease (CHD) mortality rates 
by plasma triglyceride level (TG), below and above the median of 
the distribution (1.37 mmol/1) - and by iliac to thigh ratio (ITR), 
below and above the median of the distribution (1.81). All subjects 
had abnormal glucose tolerance at baseline. Numbers of deaths from 
left to right: 3, 7, 7, 23 

triglyceride plasma level (2.13 per 1000 per year) (Fig. 1). 
Analysis of variance showed that dichotomized ITR and 
triglyceride concentration were both significantly related 
to CHD death, with the samep-value (p < 0.03), and that 
there was no significant interaction in their effects 
(2 < 0.13). This result pointed to an independent con- 
tribution of the two factors to the risk of coronary death. 

This was tested by a multivariate analysis (Cox model), 
with death from CHD as the endpoint, and with the fol- 
lowing variables as independent variables: iliac to thigh 
ratio, plasma triglyceride level, blood pressure, body mass 
index, and all other major cardiovascular risk factors (age, 
smoking, plasma cholesterol and plasma insulin levels). 
Erythrocyte mean corpuscular volume was added as an 
indicator of alcohol consumption, which could in theory 
"explain" some of the variance of both triglyceride level 
and ITR. Only ITR and triglyceride plasma level achiev- 
ed statistical significance as independent predictors 
(Table 3). The results were identical whether or not blood 
glucose was introduced in the model. 

Discuss ion 

High triglyceride plasma levels have already been shown 
to be a strong predictor of CHD death in subjects with ab- 
normal glucose tolerance [5, 8]. The finding that the intro- 
duction in the model of an index of body fat distribution 
could both be predictive, and displace but not replace the 
predictive power of plasma triglyceride is somewhat unex- 
pected. It has been shown that a strong relationship exists 
between upper-body fat distribution and lipid abnor- 
malities (high VLDL-triglyceride, low HDL-cholesterol) 
in subjects with non-insulin-dependent diabetes [4, 9]. 
The same relationship has been repeatedly reported for 
non-diabetic subjects [10-12], and current hypotheses 
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suggest that upper-body fat distribution, which has been 
shown to predict coronary endpoints, would influence car- 
diovascular complications via the metabolic disturbances 
associated with it, and prominently among them, lipid ab- 
normalities [1, 2]. Since non-insulin-dependent diabetes is 
most often found in subjects, both male and female, with 
upper-body obesity, the higher cardiovascular risk at- 
tached to this condition, as well as the loss of the usual 
"female protection" from cardiovascular disease could be 
thus explained [4, 13, 14]. 

The anthropometric measurements undertaken in the 
Paris Prospective Study did not allow the calculation of 
more usual indices of fat distribution, such as the waist to 
hip ratio, which has been shown to be predictive of coro- 
nary endpoints in both males and females in the Gothen- 
burg studies [15, 16]. However, in the Paris Prospective 
Study, which included only men, the iliac circumference 
appeared as a good marker of upper body fat, and was re- 
lated to CHD mortality in the whole cohort [17], as was 
the 1TR. Given the fact that iliac circumference within the 
male gender must be more influenced by differences in fat 
deposition rather than by different skeletal charac- 
teristics, ITR seems to adequately represent fat distribu- 
tion in men, though differential muscle mass in the thigh 
can also be suspected to contribute to the prediction with 
this index [18]. However, in the subgroup with abnormal 
glucose tolerance analysed in the present paper, the iliac 
circumference alone was predictive of CHD death 
(p <0.02), whereas the thigh circumference was not 
(p < 0.78). Using the ratio of the two circumferences 
greatly enhanced the predictive power. Thus, our results 
prospectively support the explanation of a greater cardio- 
vascular risk in diabetic subjects because of their adverse 
fat distribution. 

However, the associated dyslipidaemia, indicated in 
our study by triglyceride plasma levels (IlDL-cholesterol 
was not measured at baseline in the Paris Prospective 
Study), appeared to add an extra risk of its own. The 
grouping together of people with impaired glucose toler- 

Table 3. Cox multivariate analysis of predicting variables for coro- 
nary heart disease mortality at 15-year follow-up in subjects with 
abnormal glucose tolerance 

Variables Regression p value u 
coefficient" 
(standard error) 

Iliac to thigh ratio 3.057 (0.930) 0.004 
Triglycerides 0.546 (0.278) 0.05 
2h insulin > 460 pmol/lC: yes/no (not entered) 0.09 
Systolic blood pressure (not entered) 0.10 
Smoking: yes/no (not entered) 0.I9 
Mean corpuscular volume (not entered) 0.24 
Cholesterol (not entered) 0.27 
Body mass index (not entered) 0.32 
Age (not entered) 0.35 
Fasting insulin (not entered) 0.81 

a In the final equation, i.e. when last variable where p -vatue pro- 
posed 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, 
at last step 
c Last quintile of the distribution in the total cohort of the Paris Pros- 
pective Study 
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ance and with diabetes for the purpose of explaining their 
high cardiovascular risk has been justified previously [5]. 
It  is unlikely that the independent  predictive power  of 
I T R  and of plasma triglyceride level could derive f rom a 
different risk profile in each of the three groups with ab- 
normal  glucose tolerance (impaired glucose tolerance, 
diabetes diagnosed on the oral glucose tolerance test, 
diabetes already diagnosed by other means) ,  since, within 
each group, subjects who died f rom C H D  always had a 
higher I T R  and higher triglycerides than the others (data 
not shown). The fact that there was a one-year  interval be- 
tween the anthropometr ic  and the biological measure-  
ments  cannot  be  ruled out as a potential  artifactual cause 
of statistical independence. However,  there is little reason 
to think that fat distribution would have changed so dra- 
matically in the course of one year as to become sufficient- 
ly unrelated to lipid levels to determine an artifact of that  
sort. 

All other correlates through which it is supposed that 
upper-body fat distribution could influence C H D  mor-  
tality risk were  taken into account in the model: body mass 
index, b lood pressure, plasma cholesterol, p lasma insulin, 
smoking, and even erythrocyte mean  corpuscular volume, 
an indicator of alcohol consttrnption [1.9] (it has been sug- 
gested that a high alcohol intake favours deposition of 
fat in the upper-body [2]). None  of these potential  con- 
founders contributed significantly to the prediction of 
C H D  death in these subjects with abnormal  glucose toler- 
ance. 

In  conclusion, our results indicate that  the predictors 
of coronary heart  disease are definitely different in 
diabetic and glucose intolerant subjects f rom those in the 
general population. Fat distribution appears  as a promi-  
nent indicator of  future C I t D  death. Lipid abnormalities,  
albeit not hypercholesterolaemia,  further contribute to 
the prediction. Of  the risk factors predictive of C H D  in 
the general populat ion (smoking, blood pressure, plasma 
cholesterol, p lasma insulin [20]), none had a significant 
independent  predictive power, though blood pressure 
was significantly higher in subjects who died of C H D  
compared  to the others in the unadjusted analysis. The 
fact that  blood pressure lost its significance in the multi- 
variate model,  in contrast to the results of  the Whitehall  
Study [21], may be due to lack of statistical power  be- 
cause of the small number  of deaths in the abnormal  glu- 
cose tolerance group, or  to the fact that body fat distribu- 
tion and triglyceride plasma level could not be  accounted 
for in the latter study. 

To interpret  our present  results, it must be kept  in 
mind that  diabetes is probably  one of the outcomes of a 
chain of  metabolic  events favouring it in genetically or 
otherwise susceptible individuals, at the same time as 
they also contribute to increased cardiovascular risk [22, 
23]. At  this late stage, predictors may well not be risk 
factors in the causal sense. Pathophysiologicat explana- 
tions are strongly needed before action is taken, more-  
over  since the cardiovascular risk associated with upper- 
body fat distribution does not  seem to be mediated 
through the most  potentially "atherogenic" disturbances 
which have been  shown to accompany it, in particular 
dyslipidaemia. 
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