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Summary Elevated concentrations of proinsulin-like 
molecules, other than insulin, may be associated with 
abnormalities of cardiovascular risk factors, promot- 
ing atherogenesis and thrombosis. Using specific as- 
says we examined the relationship of levels of insu- 
lin, intact proinsulin and des-31,32 proinsulin to 
blood pressure, lipids, fibrinogen, factor VII and al- 
bumin excretion rate in 270 europids with normal glu- 
cose tolerance. After correcting for age and body 
mass index, fasting and 2-h insulin concentrations 
were significantly associated with those of total and 
LDL-cholesterol (r=0.18-0.22), HDL-cholesterol 
(both r = - 0.20) and triglycerides (r = 0.21 and 0.18), 
but not  with blood pressure. Concentrations of intact 
and des-31,32 proinsulin showed significant associa- 
tions with those of total and LDL-cholesterol 
(r = 0.20-0.23), HDL-cholesterol (r = -0.31 and 
-0.32) and triglycerides (r = 0.22 and 0.26). Fasting in- 
sulin and intact proinsulin concentrations were signif- 
icantly associated with fibrinogen (r = 0.15 and 0.18). 
Concentrations of proinsulin-like molecules com- 
prised less than 10 % of all insulin-like molecules, 

and so were calculated not to influence previously de- 
scribed relationships between insulin concentrations 
and cardiovascular risk factors measured using non- 
specific assays. In multiple regression analyses des- 
31,32 proinsulin concentration was more strongly as- 
sociated with those of HDL-cholesterol (negatively), 
LDL-cholesterol and triglycerides than fasting insu- 
lin concentrations, while intact proinsulin replaced 
insulin concentrations in their relationships with fi- 
brinogen. Our results show correlations between dys- 
lipidaemia and proinsulin-like molecules at concen- 
trations at which biological, insulin-like, activity ap- 
pears unlikely. We also show relationships between 
LDL-cholesterol and fibrinogen and the proinsulin- 
like molecules. These results suggest that a causal re- 
lationship mediated by hyperinsulinaemia and insu- 
lin resistance is unlikely. [Diabetologia (1995) 38: 
1110-1116] 
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The relationship between fasting hyperinsulinaemia 
and certain cardiovascular risk factors, such as blood 
pressure, raised triglycerides and low concentrations 
of HDL-cholesterol, has been demonstrated in both 
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diabetic and non-diabetic subjects [1, 2]. We have re- 
ported that in diabetic subjects the apparent associa- 
tion between concentrations of insulin and these risk 
factors may be explained by the proinsulin-like mole- 
cules, intact and des-31,32 proinsulin [3], which cross- 
react in most immunoassays for insulin [4]. These ob- 
servations raise the possibility that elevated concen- 
trations of proinsulin-like molecules, rather than in- 
sulin, may produce abnormalities of cardiovascular 
risk factors, thereby promoting atherogenesis and 
thrombosis. Because previous studies have not ap- 
plied highly sensitive and specific assays [5, 6], to 
date no epidemiological study in non-diabetic sub- 
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jects  has r e l a t ed  levels  of  ca rd iovascu la r  r isk fac tors  
to  concen t ra t ions  of  in tac t  p ro insu l in  and  des-31,32 
proinsul in ,  the  m a i n  circulat ing insulin precursors .  
We  have  t h e r e f o r e  s tudied  the  re la t ionships  of  insu- 
lin, in tact  p ro insu l in  and  des-31,32 proinsul in ,  m e a -  
sured  with  such assays, wi th  r ecogn i sed  card iovascu-  
lar r isk fac tors  in e u r o p i d  subjects,  aged  40-75 years  
wi th  n o r m a l  g lucose  to le rance ,  in no r th  London .  

The  a ims of  the  s tudy  were  to  d e t e r m i n e  for  the  
first t ime,  w h e t h e r  i n d e p e n d e n t  re la t ionships  exist  
b e t w e e n  levels  of  ca rd iovascu la r  r isk fac tors  and  con- 
cen t ra t ions  of  each  of  the  two m a j o r  proinsul in- l ike  
molecules ,  m e a s u r e d  using highly sensi t ive and  spe- 
cific assays, in non-d iabe t i c  subjects;  and,  secondly, 
to see w h e t h e r  in these  subjects  c ross - reac t ion  of  
these  proinsul in- l ike  molecu le s  in s t anda rd  assays 
for  insulin would  be  l ikely to accoun t  for  the  previ -  
ously descr ibed  re la t ionships  of  hype r in su l inaemia  
in such non-d iabe t i c  subjects.  

Subjects and methods 

Subjects. Details of subject recruitment and screening proce- 
dure have been reported elsewhere [7]. The study population 
consisted of 1046 europid subjects, aged 40-75 years, regis- 
tered at a general practice in north London. Of these subjects 
44 were not europid, 2 were over 75 years, 7 had glucose con- 
centration data missing, 25 were newly diagnosed diabetic pa- 
tients and 49 had impaired glucose tolerance, leaving 919 sub- 
jects (518 female and 401 male) with normal glucose tolerance 
[8]. A stratified subset of these subjects (n = 270, 150 female 
and 120 male) had fasting intact and des-31,32 proinsulins 
measured, this group being similar to the total population in 
terms of the characteristics shown in Table 1 and all subse- 
quent analyses were carried out on this subset population. 

Clinical methods. Blood pressure was measured with a random 
zero sphygmomanometer (Hawksley Gelman, Lancing, Sus- 
sex, UK) on two occasions, the first after registration and the 
second during the oral glucose tolerance test. Diastolic blood 
pressure was taken as the fifth Korotkoff sound. The mean of 
the two measurements was used in the analyses. Body mass in- 
dex (BMI) was calculated as the weight (kg) divided by the 
square of the height (m2). 

Venous blood (20 ml) was taken after an overnight fast for 
measurements of plasma glucose, lipids, fibrinogen, factor VII 
and the insulin-like molecules. A glucose load (75 g: Fortical, 
Cow and Gate, Trowbridge, Wiltshire, UK) was then given 
and further blood samples were taken after 2 h for estimation 
of concentrations of plasma glucose and of insulin. Subjects 
provided two timed urine collections, one during the 2 h of 
the glucose tolerance test and the other as a timed overnight 
sample, for measurement of albumin excretion rate. 

Biochemical methods. Plasma glucose concentration was as- 
sayed with glucose oxidase reagent (Beckman, Brea, Calif., 
USA). Serum triglycerides and total cholesterol were assayed 
enzymatically with commercial reagents (total-cholesterol: 
Boehringer-Mannheim, Lewes, Sussex, UK and triglycerides: 
Roche Diagnostics, Hatfield, Herts., UK). HDL-cholesterol 
was measured by the same method after the low density lipo- 
proteins had been quantitatively precipitated out by the addi- 
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tion of phosphotungstic acid in the presence of magnesium 
ions. LDL-cholesterol was calculated using the Friedewald for- 
mula [9]. Fibrinogen concentration was measured using a mod- 
ified Clauss method (Boehringer-Mannheim) and factor VII 
activity assessed utilising factor-VII-deficient plasma (With- 
ington Hospital, Manchester, UK). Urinary albumin concen- 
tration was measured by an in-house modified, competitive en- 
zymoimmunoassay, validated against a commercial radioim- 
munoassay [7, 10] (Pharmacia-LKB, Milton Keynes, Bucks, 
UK) (r = 0.96) from which an albumin excretion rate was cal- 
culated. 

Insulin, intact proinsulin and des-31,32 proinsulin concen- 
trations were assayed by in-house two-site immunometric as- 
says [11, 12] with previously characterised monoclonal anti- 
bodies 14B, 3B 1 and A6 (Serono-Diagnostics, Woking, Sur- 
rey, UK) and an anti-C-peptide antibody, PEP001 (Novo Nor- 
disk, Copenhagen, Denmark) [13]. Insulin was captured with 
14B and detected with 3Bl-alkaline phosphatase conjugate, 
using the amplification system described by Johannsson et al. 
[14]. The assay detected down to 3 pmol x F 1 with intra- and in- 
ter-assay coefficients of variations (CVs) of 7.9 and 14.3 % re- 
spectively [11]. Microplate immunoradiometric assays 
(IRMA) for intact proinsulin and des-31,32 proinsulin used 
3B1 as the capture antibody, a sandwich formed with intact or 
des-31,32 proinsulin and detection with iodinated A6 or 
PEP001, respectively, and the radioactivity of individual wells 
was counted. Detection limits (mean + 3SD of zero signal) for 
intact and des-31,32 proinsulin were 0.25 and 0.125 pmol x 1-1, 
respectively. Intra- and inter-assay CVs were 6.3 and 9.8 % for 
intact proinsulin and 8.6 and 12.6 % for des-31,32 proinsulin, 
respectively [12]. Des-31,32 proinsulin concentration was cal- 
culated by subtracting the cross-reactivity of measured intact 
proinsulin. Insulin standard was supplied by NIBSC (Potters 
Bar, Herts., UK) and intact and des-31,32 proinsulin by Eli Lil- 
ly & Co. (Indianapolis, Ind., USA). 

Statistical analys& 

The data were entered into a computer database using Smart- 
ware II software package and analysed using the Statistical 
Package for Social Sciences (SPSS). Insulin, intact proinsulin, 
des-31,32 proinsulin, factor VII and triglyceride concentra- 
tions and albumin excretion rate were log transformed to im- 
prove normality. The Kolmogorov-Amirnov test, which uses 
the hypothesis of normal distribution, was accepted for log- 
transformed data. Correlation coefficients and partial correla- 
tion coefficients were used to assess the strength of indepen- 
dent associations between different variables and concentra- 
tions of insulin and the proinsulin-like molecules while correct- 
ing for confounding variables. Correlations were repeated us- 
ing a non-parametric (Spearman rank) test and there were vir- 
tually no differences in coefficients for any of the relationships. 
Furthermore, inspection of relationships using quintiles of dis- 
tribution did not suggest threshold effects in the relationships. 
Separate multiple regression analyses for associations of in- 
tact and des-31,32 proinsulin molecules were performed on 
the subset of subjects for whom all variables were complete 
(n = 218). The association of BMI with insulin-like molecules 
was different in males and females and this was corrected for 
by using an interaction term (sex*BMI) in all subsequent anal- 
yses. There were missing data for blood pressure, fibrinogen, 
factor VII, lipids, insulin and 2-h albumin excretion rate for 
up to 12 subjects (4.5 %), but overnight and mean albumin ex- 
cretion rate were unavailable for up to 40 subjects (15 %). Indi- 
vidual n values are not presented for reasons of simplicity. 
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Table 1. Characteristics of the subset population 

Men Women p-value 
n = 120) n = 150 

Age (years) 
Body mass index (kg x m 2) 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Fasting blood glucose (mmol x 1-1) 
2-h blood glucose (mmol x 1-1) 
Fibrinogen (g x 1 -I) 
Factor VII (% act.) a 
Total cholesterol (mmol x 1-1) 
HDL-cholesterol (mmol x k 1) 
LDL-cholesterol (mmol x 1-1) 
Triglyceride (mmol x 1-1) ~ 
Fasting insulin (pmol x 1-~) ~ 
2-h insulin (pmol x 1-1) ~ 
Intact proinsulin (pmol x 1-1) ~ 
Des-31,32 proinsulin (pmol x 1-1) a 
2-h albumin excretion rate (~g x min-1) a 
Overnight albumin excretion rate (~tg x min-1) a 
Mean albumin excretion rate (~tg x min-1) a 

53.9• 54.5• NS 
25.3• 25.6• NS 

119.6• 116.6• 0.02 
71.6• 67.8• <0.001 

4.9• 4.8• 0.02 
4.7• 4.8• NS 
2.8• 2.9• NS 

60.6• 65.3• 0.003 
6.2• 6.6• <0.001 
1.3• 1.6• <0.001 
4.2• 4.4• 0.008 
1.2• 1.3• 0.005 

41.2• 46.8• 0.01 
132.7• 163.9• <0.001 

2.9• 2.5• 0.05 
1.6• 1.3• 0.02 
4.5• 4.0• NS 
3.1• 2.4• 0.001 
3.7• 3.0• 0.006 

Data are arithmetic means + SD and a Geometric means x/+ SD 

Results 

Of the normal glucose tolerant women screened 30 % 
were pre-menopausal,  60 % post-menopausal,  8 % on 
hormone replacement therapy and 2 % on the oral 
contraceptive pill. 

Characteristics of the study populations are shown 
in Table 1. The men in the study had higher blood 
pressure and fasting glucose levels than the women. 
Total cholesterol, HDL-cholesterol ,  LDL-choles- 
terol, triglyceride and factor VII levels were higher 
in women and they were more  hyperinsulinaemic as 
assessed by the fasting and 2-h samples. The men 
had higher intact and des-31,32 proinsulin concentra- 
tions than the women. The fasting concentrations of 
all the insulin-like molecules showed significant cor- 
relations with age, BMI, systolic and diastolic blood 
pressure, fasting and 2-h plasma glucose, fibrinogen 
and all measures of lipids (Table 2). There was no as- 
sociation be tween any of the measures of albumin ex- 
cretion rate (2-h, overnight or logarithmic mean) and 
fasting or 2-h insulin while the association of intact 
and des-l,32 proinsulin levels and the 2-h albumin ex- 
cretion rate was just significant. 

We have previously shown [4] that radioimmuno- 
assays for insulin appear to recognise intact and des- 
proinsulins. We therefore repeated correlations us- 
ing the sum of fasting insulin plus intact proinsulin 
plus des-l,32 proinsulin in order to see whether, in 
non-diabetic subjects, concentrations of proinsulin- 
like molecules would confound relationships with in- 
sulin by using a non-specific assay. All correlations 
of sum of insulin-like molecules were, however, virtu- 
ally identical to those using fasting insulin concentra- 
tions alone (data not shown). 

Correlations, corrected for age, BMI, sex and the 
interaction (sex*BMI), are shown in Table 3. Adjust- 
ments for menopausal  status or hormone replace- 
ment therapy were without effect on the results and 
therefore are not shown. All lipid variables showed 
significant correlation with all insulin and proinsulin 
concentrations (total and LDL-cholesterol  and trig- 
lyceride positively; HDL-cholesterol  negatively). Fi- 
brinogen correlated significantly with fasting insulin 
and with intact proinsulin. There were no significant 
associations between any of the measures of albumin 
excretion rate and any of the insulin-like molecules. 

Because of the possibility that relationships of in- 
sulin-like molecules with LDL-cholesterol  were the 
result of a significant association be tween LDL-cho- 
lesterol and triglyceride (r = 0.29) the multiple re- 
gression analysis was repeated including triglyceride 
in the equation. Independent  relations of LDL-cho- 
lesterol remained significant with intact proinsulin 
( r=  0.13) and des-31,32 proinsulin concentrations 
(r = 0.16), but  not with fasting or 2-h insulin. 

Separate multiple regression analysis models were 
used for intact and des-31,32 proinsulin submitting as 
independent variables concentrations of fasting insu- 
lin, intact proinsulin, des-31,32 proinsulin, age, sex, 
BMI and interaction (sex*BMI), and using in turn 
each of the lipids or fibrinogen as the dependent  vari- 
ables (Table 4 and 5, respectively). The significance 
level for entry in the multiple regression was 0.05. 
The variables that entered the model, and those that 
did not, are presented in Tables 4 and 5. Small differ- 
ences in partial correlation coefficients between Ta- 
bles 3 and 4 are the consequence of using only 218 
subjects for whom all variables were available in Ta- 
ble 4 and 5. Des-31,32 proinsulin showed the strong- 
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Table 2. Correlations of concentrations of insulin and proinsulin-like molecules in 270 subjects to cardiovascular risk factors 

Variables Ins 0 Ins 2 Intact PI Des-31,32 PI 

Age 0.13 a 0.22 b 0.36 ~ 0.26 c 
Body mass index 0.24 ~ 0.21 b 0.3Y 0.32 c 
Systolic blood pressure 0.15 ~ 0.11 0.32 ~ 0.25 ~ 
Diastolic blood pressure 0.17 a 0.10 0.26 b 0.26 b 
Fasting plasma glucose 0.24 r 0.21 b 0.33 ~ 0.34 ~ 
2-h plasma glucose 0.22 b 0.49 c 0.22 b 0.20 b 
Fibrinogen 0.22 b 0.14 a 0.22 b 0.17 a 
Factor VII  0.12 0.09 -0.03 -0.03 
Total cholesterol 0.2Y 0.2Y 0.26 ~ 0.25 ~ 
HDL-cholesterol -0.22 b -0.19 b -0.36 ~ -0.37 c 
LDL-cholesterol 0.25 c 0.27 r 0.28 r 0.28 r 
Triglyceride 0.27 ~ 0.2Y 0.32 ~ 0.34 r 
2-h albumin excretion rate 0.10 0.09 0.16 a 0.16 a 
Overnight albumin excretion rate 0.02 0.07 0.06 0.06 
Mean albumin excretion rate 0.07 0.09 0.12 0.12 
Fasting insulin - 0.52 c 0.40 c 0.40 ~ 
2-h insulin - - 0.30 ~ 0.3U 
Intact proinsulin - - - 0.83 c 
Des-31,32 proinsulin . . . .  

a p < 0.05; b p < 0.01; C p < 0.001; Ins 0, Fasting insulin concentration; Ins 2, 2-h insulin concentration; Intact PI, fasting intact proin- 
sulin concentration; Des,31-32 PI fasting des-31,32 proinsulin concentration 

Table 3. Partial correlation coefficients of concentrations of insulin and proinsulin-like molecules in 270 subjects after adjusting for 
age, body mass index, sex and interaction (sex*BMI) 

Variables Ins 0 Ins 2 Intact PI Des-31,32 PI 

Systolic blood pressure 
Diastolic blood pressure 
Fasting plasma glucose 
2-h plasma glucose 
Fibrinogen 
Factor VII  
Total cholesterol 
HDL-cholesterol 
LDL-cholesterol 
Triglyceride 
2-h albumin excretion rate 
Overnight albumin excretion rate 
Mean albumin excretion rate 
Fasting insulin 
2-h insulin 
Intact proinsulin 
Des-31,32 proinsulin 

0.02 (41.11-0.15) 
0.07 (41.o6-o.2o) 
0.17 (0.04-0.30) a 
0.17 (0.04-0.30) a 
0.15 (0.02-0.28) a 
0.14 (0.01-0.27) a 
0.22 (0.09-0.34) b 
-0.20 (-0.32--0.07) b 
0.22 (0.09-0.34) b 
0.21 (0.08-0.33) b 
0.07 (-0.06-0.20) 
41.00~ (-0.13-o.13) 
41.04 (-0.17-0.09) 

41.03 (-0.1641.10) 
0.02 (-0.i141.15) 
0.12 (-0.01-0.25) 
0.44 (0.33-0.54) ~ 
0.09 (-0.04-0.22) 
0.11 (-0.0241.24) 
0.18 (0.05-0.31) b 
-0.20 (-0.32--0.07) b 
0.20 (0.07-0.32) b 
0.18 (0.05-0.31) b 
0.05 (-o.o8-o.18) 
0.06 (-0.0%0.19) 
0.06 (41.07-0.19) 
0.50 (0.39-0.59) c 

0.09 (-0.04-0.22) 
0.08 (-0.05-0.21) 
0.17 (0.04-0.30) a 
0.08 (-0.054/.21) 
0.18 (0.05-0.31) b 
-0.003 (41.14-0.13) 
0.20 (0.07-0.32) b 
41.31 (-0.43--0.18) c 
0.20 (0.0741.32) b 
0.22 (0.09-0.34) b 
0.11 (-0.02-0.24) 
0.008 (-0.13-0.14) 
0.07 (-0.06-0.20) 
0.34 (0.22-0.45) ~ 
0.19 (0.06-0.31) b 

0.04 (-0.09-0.17) 
009 (41.04-0.22) 
0.22 (0.09-0.34) b 
010 (-o.o3-0.23) 
0.10 (-0.03-0.23) 
-0.01 (-0.14-0.12) 
0.22 (0.09-0.34) b 
-0.32 (-0.43--0.20) c 
0.23 (0.10-0.35): 
0.26 (0.13-0.38) ~ 
0.12 (-0.01-0.25) 
0.01 (-0.12-0.14) 
0.08 (41.0541.21) 
0.34 (0.22-0.45) c 
0.25 (0.120.37) ~ 
0.79 (0.73--0.84) c 

a p < 0.05; b p < 0.01; C p < 0.001. Ins 0, Fasting insulin concentration; Ins 2, 2-h insulin concentration; Intact PI, fasting intact proin- 
sulin concentration; Des-31,32 PI, fasting des-31,32 proinsulin concentration 
Partial correlation coefficients are shown with 95 % confidence intervals 

est  r e l a t ionsh ips  wi th  H D L - c h o l e s t e r o l  (nega t ive ly ) ,  
L D L - c h o l e s t e r o l  a n d  t r ig lycer ides ,  whi le  in tac t  p r o i n -  
sul in r e p l a c e d  fas t ing  insul in  in the  a s soc ia t ion  wi th  
f ib r inogen .  I n  this p o p u l a t i o n ,  it s h o u l d  be  n o t e d ,  we  
f o u n d  n o  r e l a t i onsh i p  b e t w e e n  he igh t  a n d  p ro insu l in  
c o n c e n t r a t i o n s .  

Discussion 

Obesi ty ,  h y p e r t e n s i o n ,  d y s l i p i d a e m i a  a n d  g lucose  in- 
t o l e r a n c e  o f t e n  coexis t  in t he  s a m e  indiv idual ,  a n d  

this has  b e e n  t e r m e d  t he  insul in  r e s i s t ance  syn-  
d r o m e ,  o r  s y n d r o m e  X [15, 16]. I t  has  b e e n  p r o p o s e d  
t h a t  the  c o m b i n a t i o n  o f  the  c o m p o n e n t s  o f  syn-  
d r o m e  X m a y  be  m e d i a t e d  by  insul in  res i s tance ,  
which ,  in the  p r e s e n c e  o f  a n o r m a l l y  f u n c t i o n i n g  p a n -  
creas,  is a s soc i a t ed  wi th  h y p e r i n s u l i n a e m i a .  Va r ious  
m e c h a n i s m s  h a v e  b e e n  p r o p o s e d  w h e r e b y  insul in  re-  
s i s tance  a n d  i n c r e a s e d  c i rcu la t ing  insul in  c o n c e n t r a -  
t ions  m i g h t  p r o d u c e  c h a n g e s  in c a r d i o v a s c u l a r  r isk 
factors .  B o d y  s o d i u m  and  v o l u m e  e x p a n s i o n  m a y  
p l a y  a ro l e  in h y p e r t e n s i o n  as insul in  r e d u c e s  u r i n a r y  
s o d i u m  e x c r e t i o n  a n d  inc reases  s o d i u m  r e a b s o r p t i 0 n  
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Table 4. Multiple regression analyses of relationship between concentrations of fasting insulin and intact proinsulin with lipids and 
fibrinogen in 218 subjects 

Dependent Explanatory variables r percentage p 
variable change in r 2 

Fibrinogen In the equation Intact PI 0.18 3 r 2 = 0.09 
Not in the equation Fasting insulin 0.09 - p = 0.0009 

Total cholesterol In the equation Fasting insulin 0.22 4.5 r 2 = 0.13 
Intact PI 0.14 1.6 p < 0.0001 

HDL In the equation Intact PI -0.31 8.2 r 2 = 0.26 
Not in the equation Fasting insulin -0.10 - p < 0.0001 

LDL In the equation Fasting insulin 0.22 4.3 r z = 0.13 
Intact PI 0.13 1.6 p < 0.0001 

Triglycerides In the equation Intact PI 0.22 4.4 t a = 0.15 
Fasting insulin 0.15 1.9 p < 0.0001 

Adjustment has been made for BMI, sex, age, (sex*BMI). Intact PI, Fasting intact proinsulin concentration 

Table 5. Multiple regression analyses of relationship between concentrations of fasting insulin and des-31,32 proinsulin with lipids 
and fibrinogen in 218 subjects 

Dependent Explanatory variables r percentage p 
variable change in r 2 

Fibrinogen In the equation Fasting insulin 0.18 3 
Not in the equation Des-31,32 PI 0.04 - 

Total cholesterol In the equation Fasting insulin 0.22 4.5 
Des-31,32 PI 0.16 2.2 

HDL In the equation Des-31,32 PI -0.32 8.6 
Not in the equation Fasting insulin -0.10 - 

LDL In the equation Des-31,32 PI 0.23 4.6 
Fasting insulin 0.15 2 

Triglycerides In the equation Des-31,32 PI 0.26 6 
Fasting insulin 0.14 1.6 

r 2 = 0.09 
p = 0.0009 
P = 0.13 

p < 0.0001 
r 2 = 0.26 
p < 0.0001 
r2 = 0.15 
p < 0.0001 
r2 = 0.16 
p < 0.0001 

Adjustment has been made for BMI, sex, age, (sex*BMI). Intact PI, Fasting intact proinsulin concentration 

in the renal  tubules  [17]. Sympathet ic  nervous system 
act ivat ion by insulin may  also provide ano ther  ampli- 
fier for the interact ions be tween  obesity, hyperinsu- 
l inaemia and hyper tens ion  [18]. It is proposed  that  in 
adipose tissue insulin resistance causes excessive 
non-ester i f ied fa t ty  acid release with a consequent  in- 
crease in hepat ic  very low density l ipoprotein secre- 
tion, but  impai red  l ipoprotein lipase activity in adi- 
pose tissue might  also contr ibute  to hypertr iglycerid- 
aemia  and low HDL-cho les te ro l  concent ra t ion  in in- 
sulin resistant  states [19]. 

In popula t ion  studies direct  measures  of insulin re- 
sistance are difficult to obtain,  and  insulin concentra-  
tions are of ten used as a surrogate.  However ,  fasting 
insulin concentra t ions  may  be below the limit of  sen- 
sitivity of some assays and m a n y  commercia l ly  avail- 
able assays for insulin also measure  intact  and des- 
31,32 proinsulins [4]. We have shown, for the first 
t ime, in a large homogeneous  popula t ion  of subjects 
with normal  glucose tolerance,  that  specific mea- 
sures of  fasting and 2-h insulin correlate  significantly 
with insulin resistance syndrome variables, systolic 
and  diastolic blood pressure, triglycerides, and in- 

versely with HDL-choles terol .  High  LDL-choles-  
terol  is no t  recognised as a componen t  of the insulin 
resistance syndrome [15]. However ,  several popula- 
t ion studies have shown weak  correlations be tween  
insulin concent ra t ion  and LDL-choles te ro l  [20-22]. 
Since studies of subjects with isolated elevation of 
LDL-choles te ro l  have found  no reduct ion  in insulin 
sensitivity [23], it is not  clear what  component  of this 
can be explained by the separate  association of insu- 
lin levels with triglyceride and of triglyceride with 
LDL-choles terol .  In our  populat ion,  an independent  
relat ion existed be tween  LDL-choles te ro l  and spe- 
cific measures  of 2-h insulin in normal  glucose toler- 
ant  subjects, even when  adjusting for these confound-  
ing variables. Insulin resistance has been found in dia- 
betic [24, 25] and non-diabet ic  [26-28] subjects with 
microalbuminur ia  but, using a specific insulin assay, 
we have not  been  able to confirm suggestions of asso- 
ciations of  hyper insul inaemia  or insulin resistance 
with a lbumin excret ion rate. In our  study, we used 
both  fasting and 2-h insulin concentra t ions  and these 
provided very similar correlations with the cardiovas- 
cular risk factor  variables. 
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In diabetic populations, and in subjects with im- 
paired glucose tolerance, proinsulin-like molecules 
comprise a substantial proportion of the total immu- 
noreactive insulin [4, 29]. In 51 subjects with non-in- 
sulin-dependent diabetes mellitus we have reported 
that, although immunoreactive insulin levels, mea- 
sured with a commercial radioimmunoassay, corre- 
lated with total cholesterol, HDL-cholesterol, trigly- 
ceride, systolic blood pressure and diastolic blood 
pressure, specific insulin concentration remained sig- 
nificantly associated with only triglyceride and blood 
pressure [3]. In the same subjects, des-31,32 proinsu- 
lin correlated significantly with measurements of lip- 
ids, as well as blood pressure and plasminogen activa- 
tor inhibitor type 1 (PAI-1) activity, suggesting that, 
at least, in diabetic subjects, some of the relation- 
ships reported between hyperinsulinaemia and levels 
of cardiovascular risk factors may actually reflect cor- 
relations of these risk factors with elevated concen- 
trations of proinsulin-like molecules. 

It may be, however, that in non-diabetic subjects, 
in whom relative or absolute levels of proinsulin-like 
molecules are low, similar relationships would not ex- 
ist, and there would be no confounding by assay non- 
specificity, of the relationships with insulin concentra- 
tions determined by radioimmunoassay. Two studies 
in non-diabetic subjects have related proinsulin con- 
centrations to cardiovascular risk factors [5, 6]. In 
the first report, from the San Antonio Heart study, 
concentrations of total proinsulins were shown to be 
more strongly related to adverse lipid profiles and 
blood pressure than were those of insulin in 260 Mex- 
ican-Americans and non-Hispanic whites, with nor- 
mal or impaired glucose tolerance (30 % of their 
study population) [5]. In the second study proinsu- 
lins were calculated as the difference between immu- 
noreactive insulin and insulin measured by a specific 
assay [6]. In our present study we examined these re- 
lationships, measuring for the first time specific lev- 
els of both intact and des-31,32 proinsulin, in a well- 
characterised population, consisting of larger num- 
bers than in previous studies. We report here only 
those with normal glucose tolerance, based on World 
Health Organization criteria [8]. In this study concen- 
trations of proinsulin-like molecules correlated with 
BMI, age and blood glucose concentration. After cor- 
recting for age and BMI, we observed novel, strong 
correlations between levels of both of the proinsulin- 
like molecules and lipids, including LDL cholesterol, 
in the absence of independent associations with 
blood pressure. While it is possible that these rela- 
tionships represent confounding by some aspects of 
obesity, not fully quantified by BMI, such a hypothe- 
sis might require computed tomographic scanning to 
control fully for such measures [30]. Furthermore, it 
is improbable that controlling for other measures of 
obesity would differentially influence relationships 
with insulin and with proinsulin-like molecules, rec- 

ognising that in multiple regression models, proinsu- 
lin-like molecules show stronger relationships than 
do insulin concentrations with HDL cholesterol, 
LDL cholesterol and triglycerides. We found, how- 
ever, that the concentrations of proinsulin-like mole- 
cules were too low to confound measured relation- 
ships between insulin and the insulin resistance syn- 
drome variables, a point recently confirmed by Haft- 
ner et al. [31]. 

Significant statistical correlation is not proof of 
causation, so that proinsulin cannot necessarily be im- 
plicated directly in determining abnormal levels of 
risk factors. In intervention studies in diabetic sub- 
jects, reducing levels of the proinsulin-like molecules 
did not affect those of lipids or apoproteins but only 
those of PAI-1 [32], suggesting the relationship of pro- 
insulin with dyslipidaemia is not causal. Furthermore, 
the observations of correlations of proinsulin-like 
molecules at the concentrations found in non-dia- 
betic subjects, which in this study was only 
10.1 + 7.9 % (mean + SD) of those of insulin, when 
the receptor binding and activity of proinsulin in vitro 
or in vivo is around 1-8 % of that of insulin [33], makes 
a direct causative, insulin-like, role of proinsulin im- 
probable. It is possible that borderline beta-cell dys- 
function causes lipid abnormalities, which predate 
glucose, coagulation and blood pressure changes, by 
mechanisms not involving proinsulin. The relation- 
ships of proinsulin concentrations with LDL-choles- 
terol and fibrinogen, not classically described as vari- 
ables of syndrome X, further suggest that these inter- 
actions are unlikely to be mediated by insulin resist- 
ance. Studies from Barker's group have shown that 
low birth weight, or thinness at birth, is associated 
with high concentrations of intact and des-31,32 proin- 
sulin, PAI-1, insulin resistance and abnormalities of 
blood pressure and fibrinogen and cholesterol, sug- 
gesting one possible mechanism of association [34]. 

In conclusion, we have shown that in normal glu- 
cose tolerant subjects, concentrations of des-31,32 
proinsulin are more strongly related to levels of trig- 
lyceride, HDL-cholesterol and LDL-cholesterol, and 
intact proinsulin to fibrinogen, than are those of insu- 
lin per se. In these subjects proinsulin concentrations 
are not significantly related to blood pressure levels 
after correction for age and BMI, and these relation- 
ships may be apparent only in the glucose intolerant 
state [5]. Moreover, the concentrations of proinsulin- 
like molecules in normal glucose tolerant subjects are 
not likely to affect interpretation of previously de- 
scribed relationships between insulin concentrations 
using standard assays and levels of cardiovascular 
risk factors [35]. The findings of strong and indepen- 
dent relationships between proinsulin concentrations 
and insulin resistance syndrome variables raises ques- 
tions regarding the likelihood of cause and effect. 
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