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A characteristic lipoprotein phenotype, including hypertriglyceridemia, a low high-density lipoprotein (HDL) cholesterol 
concentration, and a predominance of small, dense low-density lipoprotein (LDL} particles, is linked to insulin resistance and 
hyperinsulinemia. Individuals with these characteristics are supposed to be at increased risk of developing coronary heart 
disease (CHD). To address this issue further, relations between basal and postload glucose, insulin and insulin propeptide 
concentrations, and subfractions of apolipoprotein (apo) B-containing lipoproteins were examined in 62 consecutive Swedish 
nondiabetic men who had experienced a first myocardial infarction before the age of 45. A total of 41 age-matched, 
population-based healthy men were investigated as controls. Highly specific immunoradiometric assays were used for 
measuring intact proinsulin and des 31,32proinsulin levels. In all, 39% of the patients were found to be glucose-intolerant, and 
basal and postload hyper(pro)insulinemia were characteristic features irrespective of glucose tolerance category. Hypertriglyc- 
eridemic (HTG) lipoprotein phenotypes with a low HDL cholesterol concentration dominated among the patients, and 
hyperinsulinemia was linked to hypertriglyceridemia and putatively atherogenic lipoprotein traits, such as increased particle 
numbers of small very-low-density lipoprotein (VLDL) and intermediate-density lipoprotein (IDL) and triglyceride enrichment 
of LDL. The corollary of these findings is that insulin resistance is a characteristic feature of young postinfarction patients and is 
accompanied by a complex atherogenic lipoprotein phenotype, new components of which are an abundance of small 
cholesteryl ester-rich VLDL and an elevated LDL triglyceride concentration. 
Copyright © 1995by W.B. Saunders Company 

ARGE-SCALE PROSPECTIVE epidemiological stud- 
ies indicate that hyperinsulinemial,2 and glucose intol- 

erance 3 are predictors of coronary heart disease (CHD) in 
middle-aged men. Furthermore, several studies have dem- 
onstrated an association between hyperinsulinemia (either 
fasting or after an oral glucose load) and established risk 
factors for cardiovascular disease, including hypertriglycer- 
idemia, abdominal obesity, hypertension, and a reduced 
concentration of high-density lipoprotein (HDL) choles- 
terol. 4-6 Recently, it has also been demonstrated that 
plasma concentrations of insulin propeptides relate more 
closely to various cardiovascular risk factors in type II 
diabetics 7 and nondiabetics 8 than does insulin. 

Hypertriglyceridemia and reduced plasma HDL choles- 
terol concentrations have been shown to be associated with 
insulin resistance and/or  hyperinsulinernia in individuals 
with and without premature coronary artery disease. 9,1° A 
predominance of small, dense low-density lipoprotein (LDL) 
particles, which is frequently found in the plasma of CHD 
patients, 11u3 is also associated with insulin resistance and 
hyperinsulinemia 14 and probably constitutes a link between 
hyperinsulinemia and atherosclerosis. ~5,16 Austin et aF 7 
have proposed that a gene locus that influences LDL 
subclass distribution likewise contributes to other lipopro- 
tein and apolipoprotein abnormalities such as increased 
plasma apolipoprotein (apo) B and intermediate-density 
lipoprotein (IDL) levels and reduced plasma apo A-I  or 
HDL cholesterol concentrations. 17 Moreover, the response 
of triglyceride-rich lipoproteins to fat intake together with 
the postheparin lipoprotein lipase activity are major deter- 
minants of LDL heterogeneity. TM 

Recent studies from our own unit have shown that the 
composition of smalll cholesteryl ester-rich, very-low- 
density lipoprotein (VLDL) particles and dense LDL 
triglycerides is related to the severity of angiographically 
defined coronary artery disease, particularly among hyper- 
triglyceridemic (HTG) patients3 9 Furthermore, our own 
data indicate that plasma concentrations of intact proinsu- 

lin and dense LDL triglycerides are independently related 
to the severity of coronary atherosclerosis in men with a 
previous myocardial infarction. 2° The purpose of the pres- 
ent study was to examine the hypothesis that glucose 
intolerance and hyperinsulinemia are implicated in deter- 
mining an atherogenic lipoprotein phenotype in young men 
who suffer myocardial infarction. Associations were there- 
fore sought between insulin, insulin propeptides, and sub- 
fractions of apo B-containing lipoproteins. Emphasis was 
placed on small VLDL, IDL, and dense LDL subfractions, 
which have been linked to disease severity in previous 
angiographic studies 21,22 and in this particular patient co- 
hort. 19 

SUBJECTS AND METHODS 

Study Population 

Sixty-two men with a first myocardial infarction before the age of 
45 were studied consecutively. Details of recruitment, representa- 
tivity, and basic clinical characteristics have been described else- 
where, a9 Ninety-six healthy men with a similar age distribution 
(mean +_ SD, 39.6 -+ 2.7 years) were recruited by random selection 

From the Department of Medicine and the Atherosclerosis Research 
Unit, King Gustaf V Research Institute, Karolinska Hospital, and the 
Department of Cardiology, Danderyds Hospital, Karolinska Institute, 
Stockholm, Sweden; and the Wynn Institute for Metabolic Research, 
National Heart and Lung Institute, London, UK. 

Submitted November 7, 1994; accepted March 24, 1995. 
Supported by the Swedish Heart-Lung Foundation, the Swedish 

Medical Research Council (8691), the Nordic Insulin Foundation, the 
Marianne and Marcus Wallenberg Foundation, the King Gustaf V and 
Queen Victoria Foundation, the King Gustaf V 80th Birthday Fund, 
the Professor Nanna Svartz Fund, the Heart Disease and Diabetes 
Research Trust, and the Rosen Foundation, London. A.H. is a Career 
Investigator of the Swedish Heart-Lung Foundation. 

Address reprint requests to Peter Bftvenholm, MD, PhD, Department 
of Medicine, Karolinska Hospital, S-171 76 Stockholm, Sweden. 

Copyright © 1995 by W.B. Saunders Company 
0026-0495/95/4411-0019503. 00/0 

Metabolism, Vol 44, No 11 (November), 1995: pp 1481-1488 1481 



1482 B.~VENHOLM ET AL 

of individuals born between 1947 and 1956 in Stockholm County 
(response rate, 69%). All participants completed a program that 
included medical history, clinical examination, blood sampling for 
analyses of major plasma lipoproteins, and an oral glucose toler- 
ance test (OGTT), during which samples were drawn for determi- 
nations of insulin and insulin propeptides. The metabolic studies 
were performed 4 to 6 months after the acute event, when it was 
expected that the acute-phase reaction had subsided. Subfractions 
of plasma apo B-containing lipoproteins were only analyzed in the 
patient group, whereas insulin and insulin propeptide determina- 
tions were performed on all patients and the first 41 consecutively 
recruited control subjects. 

Smoking habits were similar in the two groups at the time of 
metabolic investigations (31% and 33% current smokers among 
patients and controls, respectively). The cardioselective 13-biocker 
metoprolol (50 to 100 mg daily) and acetyl salicylic acid (75 mg 
daily) were taken by all patients but three. Other anticoagulants Or 
lipid-lowering drugs were not given. 

Protocol 

Blood samples for lipoprotein analyses were taken between 8 
and 9 AM after 12 hours of fasting, during which time smokers were 
asked to refrain from smoking. All subjects had to be free from 
symptoms of infectious disease at the time of blood sampling. 
Venous blood for lipoprotein fractionation was drawn into pre- 
cooled vacutainer tubes containing NazEDTA (1.4 mg/mL) and 
placed in an ice bath. Plasma was then recovered by low-speed 
centrifugation (1,400 x g for 20 minutes) at +1°C and kept at this 
temperature throughout the preparation procedures. 

On a separate visit, glucose was ingested in a dose of 1.75 g/kg 
body weight in 150 to 200 mL water flavored with lemon extract, 
after 12 hours of fasting. Venous blood samples for determination 
of blood glucose, insulin, and insulin propeptides were obtained 
before and 15, 30, 45, 60, 90, and 120 minutes after glucose intake 
via an indwelling cannula inserted into an antecubital vein, with 
subjects remaining semirecumbent throughout the test. Blood was 
collected in vacutainer tubes containing heparin (143 USP units) 
for determination of blood glucose. Plasma samples for analyses of 
insulin and insulin propeptides were then prepared by low-speed 
ultracentrifugation (1,400 x g for 15 minutes) within 30 minutes 
and kept at -70°C until they were analyzed. 

Biochemical Methods 

The major plasma lipoproteins (VLDL, LDL, and HDL) were 
determined by a combination of preparative ultracentrifugation 
and precipitation of apo B-containing lipoproteins, followed by 
lipid analyses as previously described. 23 VLDL subfractions (VLDL 
Sf > 100, VLDL Sf 60-100, and VLDL Sf 20-60) and an IDL 
fraction were separated by density-gradient ultracentrifugation. 19 
LDL subfractions were isolated using a modification H of the 
density-gradient ultracentrifugation procedure described by Chap- 
man et al. 2g In short, LDL (d 1.019 to 1.063 kg/L) was first isolated 
from plasma. Fifteen LDL subfractions were then recovered with a 
fraction collector (FRAC-200; Pharmacia, Uppsala, Sweden) after 
ultracentrifugation of the gradients. Two major fractions were 
presented. Light LDL included LDL subfractions 1 to 9 (d 1.019 to 
1.040 kg/L), and dense LDL contained subfractions 10 to 15 (1.040 
to 1.063 kg/L). Lipid analyses of VLDL and LDL subfractions 
were made by enzymatic methods (14106-14108, Merck Diagnos- 
tica, Darmstadt, Germany; 877557, Boehringer Mannheim Diagnos- 
tica, Mannheim, Germany; and phospholipids 9990-54008, Wako 
Chemicals, Neuss, Germany). Total and soluble protein 25 levels 
were measured according to the method reported by Lowry et al. 26 

The content of apo B was calculated as the difference between total 
and soluble protein. 

Blood glucose level was measured by a glucose oxidase method 
(Kodak Ektachem; Eastman Kodak, Rochester, NY). Total immu- 
noreactive insulin and C-peptide were determined by radioimmu- 
noassays with polyclonal antisera supplied by Guildhay (Guildford, 
UK). Immunoradiometric assays were used to measure levels of 
intact proinsulin and des 31,32proinsulin. 27 Murine morioclonal 
antibodies A6 and 3B1 were obtained from Serono Diagnostics 
(Woking, UK), and murine monoclonal antibody PEP-001 was 
obtained from Novo Nordisk (Bagsvaerd, Denmark). The concen- 
tration of des 31,32proinsulin was calculated by subtracting the 
cross-reactivity of proinsulin (89%) in the des 31,32proinsulin 
assay. Des 31,32proinsulin cross-reacted (0.5%) in the intact 
proinsulin assay. A value for true insulin was calculated from the 
insulin measurements obtained by radioimmunoassay by subtrac- 
tion of intact proinsulin and corrected des 31,32proinsulin. Specific- 
ity, precision, and reliability of the analytical methods have been 
described in detail, zs 

Cutoff limits for lipoprotein phenotyping were set to the 90th 
percentiles of the VLDL triglyceride (1.90 mmol/L) and LDL 
cholesterol (4.75 mmol/L) values in the control population (n = 96). 
The area under the curve (AUC) for the OGTT concentration 
profile was calculated for glucose, insulin, and insulin propeptides. 
Oral glucose tolerance was categorized as normal or decreased 
among the patients using the 90th percentile for the glucose AUC 
in the 96 population-based control men. 

Computations and Statistical Analysis 

Conventional methods were used for calculation of medians, 
means, and standard deviations. The composition of VLDL par- 
ticles was calculated with the model developed by Miller and 
Small. 29 Insulin resistance was calculated from fasting plasma 
glucose and insulin concentrations using the Homeostasis Model 
Assessment. 3° Differences in continuous variables between groups 
were tested by Student's unpaired two-tailed t test, the nonparamet- 
ric Mann-Whitney U test, or ANOVA with the Scheffe F test used 
as a post-hoc test. Analyses of covariance using body mass index 
(BMI) as the covariate were performed to control for the confound- 
ing effect of BMI on the case control and within-patient group 
differences obtained for the metabolic variables. Spearman rank 
correlation coefficients were calculated between glucose, insulin, 
and lipoprotein variables. The relations of glucose, insulin, and 
insulin propeptides to the lipoprotein variables were also estimated 
by calculating partial correlation coefficients with age and BMI as 
forced variables. Variables with a skewed distribution were always 
log-transformed before parametric statistical tests were conducted. 

RESULTS 

Patient and Control Characteristics 

Plasma l ipoprote in  lipid concen t ra t ions  and  basal  and  
post load levels of  glucose, insulin, and  insul in  p ropep t ides  
in pa t ien ts  and  controls  are shown in Table  1. A large 
p ropor t ion  of the  pa t ien t s  had  hyper t r ig lycer idemia  and  
decreased  oral glucose tolerance.  For  this  reason,  pa t i en t s  
were  divided according to the  p resence  of normotr iglyceri-  
demic  ( N T G )  and  H T G  l ipoprote in  pheno types  and  nor-  
mal  and  decreased  oral  glucose to lerance,  respectively. By 
definit ion,  H T G  subjects had  increased  levels of V L D L  
lipids bu t  also exhibi ted mildly e levated L D L  choles terol  
and  low H D L  cholesterol  levels as compared  with controls.  
N T G  subjects had  increased levels of L D L  and  slightly 
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Table 1, Plasma Upoproteins, Basal Values and AUCs for OGTT Concentration Profiles for Insulin and Insulin Propeptides, and Insulin 
Resistance in Controls and in Patients Grouped According to Oral Glucose Tolerance or Lipoprotein Phenotype 
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Patients 

Glucose Tolerance Lipoprotein Phenotype 

Controls Normal Decreased NTG HTG 
Characteristic (n = 41) (n = 38) (n = 24) (n = 32) (n = 30) P'r 

Age (yr) 39.4 + 2.4 39.0 -+ 4.1 39.8 -+ 4.4 39.0 -+ 4.6 39.6 -+ 3.7 NS 
Cholesterol (mmol/L) 

VLDL 0.37 (0.1-2.22) 0.71 (0.11-6.17)¢ 0.80 (0.28-2.19):I: 0.48 (0.11-1.01) t .50 (0.67-6.17)¢ * *  < .001 
LDL 3.63 -+ 0.89 4.11 -+ 1.t0 4.58 -+ 0.99§ 4.31 -+ 1.151f 4.28 -+ 1.0¶ <.001 
HDL 1.12 _+ 0.27 0.93 -+ 0.24§ 0.89 -+ 0.22§ 1.0 -+ 0.26¶ 0.84 -+ 0.17~ ¢:~ <.001 

Triglycerides (mmol/L) 

VLDL 0.81 (0.26-2.22) 1.60 (0.27-13.5)¢ 1.78 (0.58-4.54)~: 1.0 (0.27-1.89) 3.50 (1.98-13.5):1: * *  < .001 
LDL 0.34 _+ 0.13 0.44 _+ 0.17¶ 0.47 _+ 0.12§ 0.38 _+ 0.12 0.53 -+ 0.14:1: * *  <.001 

HDL 0.11 _+ 0.04 0.13 -+ 0.04 0.13 _+ 0.03 0.12 _+ 0.02 0.15 -+ 0.04¢ :~  <.05 
Glucose (mmol/L) 

Basal 4.6 -+ 0.4 4.8 -+ 0.6 5.6 -+ 0.7:~ II 5.0 _+ 0.81] 5.1 + 0.7§ < .001 
AUC 7,905 (264) 7,509 (270) 11,954 (321)z~/I 8,838 (412) 9,155 (537)¶ < .01 

Insulin (pmol/L) 

Basal 33 (7.1) 63 (8.0)§ 72 (11.5):1: 49 (8.8) 91 (8.4)¢ t l" < .001 
AUC 32,554 (5,086) 54,997 (5,298)~ 64,397 (9,233):1: 48,538 (6,519)¶ 71,291 (6,709):~ ¢¢ <.001 

Proinsulin (pmoUL) 

Basal 2.9 (0.9) 5.3 (0.6)$ 8.0 (1.2)¢ 5.2 (1.1)§ 7.6 (0.6)¢ <.001 

AUC 1,506 (285) 2,589 (188):1: 3,267 (379)z~ 2,460 (321)§ 3,292 (190):l: < .001 
Des 31,32proinsulin (pmol/L) 

Basal 3.3 (1.2) 6.3 (1.0)§ 6.5 (1.9)¶ 4.8 (1.4) 8.7 (1.2)~: ~:~ < .001 
AUC 2,371 (432) 4,073 (353):~ 4,524 (529)~: 3,588 (470)§ 5,004 (324)~: :1:¢ < .01 

% insulin propept ides* 
Basal 18.1 (1.7) 17.6 (1.4) 20.1 (2.5) 17.2 (1.8) 15.6 (1.8) NS 

AUC 11.3 (0.7) 11.5 (0.7) 11.7 (1.1) 11.1 (0.9) 10.5 (0.8) NS 

Insulin resistance 6.8 (2.1-54.3) 13.2 (1.4-43.1)I[ 17.8 (1.7-68.3)¢ 10.8 (1.4-68.3) 20.6 (1.7-48.0)~: l " t  <.001 
BMI (kg/m 2) 24.5 _+ 2.9 28.0 -+ 4.15 28.6 -+ 4.21: 27.6 + 4.4§ 28.9 -+ 3.7~ < .001 

NOTE. Values are the mean _+ SD, geometr ic mean _+ SEM, or range. 

Abbreviat ion:  NS, not significant. 
* intact proinsulin plus des 31,32proinsutin/total immunoreact ive insulin. 

"['Unpaired two-tai led t test or the Mann-Whi tney U test performed to identify differences between all patients and controls. Anatysis of variance 

used to compare patients grouped according to glucose tolerance category or l ipoprotein phenotype versus controls. 

~:P < .001 v controls. 
§P < .01 v controls. 
'IfP < .05 v controls. 

liP < .001 v patients with normal glucose tolerance. 
* *P  < .001 v NTG patients. 
1"1"P < .01 v NTG patients. 

~::I:P < .05 v NTG patients. 

decreased HDL cholesterol levels as compared with con- 
trols. Of note, plasma lipoprotein lipid concentrations did 
not differ significantly between patients grouped according 
to oral glucose tolerance. Only 20 patients (32%) were 
classified as normolipidemic, as compared with 34 controls 
(82%). The corresponding figures for type IIa, IIb, and IV 
hyperlipidemias were 19%, 13%, and 36% among patients 
and 3%, 5%, and 10%, respectively, among controls. 

Basal and postload hyperinsulinemia was found in the 
patients irrespective of oral glucose tolerance category, and 
was particularly prominent among HTG patients. The same 
pattern was found for basal and postload insulin propeptide 
concentrations. However, there was not a disproportionate 
increase in insulin propeptides over insulin in patients as 
compared with controls, either in the fasting state or when 
the entire AUC during the OGTT was considered. Insulin 

sensitivity was considerably lower in the patient group, 
particularly among HTG patients. 

BMI was significantly higher in patients as compared 
with controls, but did not differ between patients grouped 
according to oral glucose tolerance or lipoprotein pheno- 
type. The case control differences for plasma concentra- 
tions of major lipoproteins, glucose, insulin, and proinsulin- 
like molecules remained statistically significant after 
adjustment for the confounding effect of BMI (data not 
shown). 

Relations of Insulin and Insulin Propeptides to Major Plasma 
Lipoproteins 

Both basal and postload concentrations of insulin and 
proinsulin were strongly related to VLDL cholesterol and 
triglyceride levels in patients and controls (Table 2). In 
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Table 2. Spearman Rank Correlation Coefficients for the Relations of 
BMI and Basal Values and AUCs for OGTT Concentration Profiles for 

Glucose, Insulin, and Insulin Propeptides to Major Plasma 
Lipoproteins in Controls and Patients 

VLDL LDL HDL 

Parameter C TG C TG C TG 

Controls 

Glucose 
Basal .14 .14 .14 .02 - .06 .02 

AUC .25" .28T .16 .10 - .15 .12 

Insulin 

Basal .50~ .48t .25 .38" - , 3 8 t  .20 
AUC .54~ .535 .27 .27 - .19 .18 

Proinsulin 

Basal .51¢ .485 .39" .36" - .45*  - .03 
AUC .52t .515 .40t .36* - .35*  .14 

Des 31,32proinsulin 
Basal .34* .28 .17 .11 - .42*  - .15 

AUC .53~ .46t .33* .28 - .35*  .09 
BMI .59~ .65t .38* .33* - .25 .15 

Patients 
Glucose 

Basal .16 .13 .23 .22 - .23 - .06 

AUC .21 .20 .27* .29" - .16 .06 

Insulin 

Basal .57t .59~ .10 .49t - . 3 8 t  .24 
AUC .52t .515 -.01 .40t - .31"  .41t 

Proinsulin 

Basal .41t .45~ .08 .27* - .23 .09 

AUC .48t .46~ .03 .18 - .15 .27" 
Des 31,32proinsulin 

Basal .41t .48~ -.11 .23 - . 3 5 t  ,08 

AUC .50~ .55~ - .13 .23 - .31"  .28* 
BMI .26* .29* .28* .32" - .16  .20 

Abbreviations: C, cholesterol;YG, triglycerides. 
*P < .05. 

tP  < .01. 

~ P <  .001. 

contrast, LDL cholesterol concentration was only signifi- 
cantly correlated with basal intact proinsulin and postload 
concentrations of proinsulin and des 31,32proinsulin in 
controls. LDL triglyceride level, on the other hand, was 
significantly related to basal insulin and proinsulin concen- 
trations in both patients and controls, and to postload 
concentrations of insulin in patients and proinsulin in 
controls. Inverse associations were noted between basal 
insulin and HDL cholesterol levels in patients and controls, 
whereas proinsulin concentrations only correlated signifi- 
cantly with HDL cholesterol in controls. In contrast, des 
31,32proinsulin was consistently inversely correlated with 
HDL cholesterol in all subjects. BMI was strongly corre- 
lated with VLDL lipid concentrations in controls, but was 
not related to HDL cholesterol level in either group (Table 
2). When the confounding effect of age and BMI was taken 
into account by calculation of partial correlation coeffi- 
cients, insulin and insulin propeptide relations to plasma 
lipoproteins weakened and were generally no longer statis- 
tically significant in the control group, but remained essen- 
tially unchanged in the patient group. Partial correlation 
coefficients between insulin, insulin propeptide, and VLDL 

lipid concentrations were reduced to .28 to .51 (P < .05 to 
.001) in the patient group and to .04 to .28 in controls (NS). 
Similarly, partial correlation coefficients with LDL lipids 
were no longer significant in the control group after 
adjustment for age and BMI, in contrast to the correlations 
of basal insulin (r = .42,P < .001) and insulin AUC (r = .28, 
P < .05) with LDL triglycerides among patients. Of note, 
the partial correlations with HDL cholesterol concentra- 
tion were only slightly reduced in controls (r -- .25 to -.43, 
P < .1 to .001) and patients (r = - .28 to -.43, P < .05 to 
.001). 

Relations of Insulin and Insulin Propeptides to Subfractions 
of Apo B--Containing Lipoproteins 

Associations of insulin and insulin propeptides to subfrac- 
tions of apo B-containing lipoproteins were subsequently 
examined in greater detail in the patients (Tables 3 and 4). 
Basal and postload insulin and insulin propeptide concen- 
trations were positively related to small (Sf 20-60) VLDL 
lipid and apo B levels, whereas no significant correlations 
were noted with the cholesteryl ester content per small 
VLDL particle (Table 3). This indicates that insulin and 
insulin propeptide concentrations are associated with the 
particle number rather than the composition of small 
VLDL. Correlation coefficients remained statistically signifi- 
cant (r = .25 to .50, P < .05 to .001) after controlling for 
age and BMI, except for the proinsulin correlation with 
small VLDL apo B. Similar correlations were also obtained 
between insulin, proinsulin, and des 31,32proinsulin levels 
and Sf > 100 and Sf 60-100 VLDL measurements (data not 
shown). Furthermore, basal and postload insulin concentra- 
tions correlated positively with the lipid and protein con- 
tent in the IDL fraction (Table 4), whereas the correspond- 
ing associations for proinsulin and des 31,32proinsulin were 
not consistent. Insulin correlations were reduced after 
controlling for age and BMI but remained statistically 

Table 3. Spearman Rank Correlation Coefficients for the Relations of 
BMI and Basal Values and AUCs for OGTT Concentration Profiles for 
Glucose, Insulin, and Insulin Propeptides to Small VLDL in Patients 

Small VLDL (Sf 20-60) 

Parameter C TG Apo B Mo[ CE 

Glucose 

Basal .18 .22 .12 -.11 

AUC .22 .26* .15 - .03 
Insulin 

Basal ,56~ .60t .44~ .23 

AUC .515 .575 .39~ .21 
Proinsulin 

Basal .41? .42t .29* .24 
AUC .40t .43t .33* .26 

Des 31,32proinaulin 
Basal .38t .39t .26* .13 
AUC .49~ .53t .39? .22 

BMI .26* .31" .14 .18 

Abbreviations: Mol CE, number of molecules of cholesteryl esters 
per I[poprotein particle; TG, triglycerides; C, cholesterol. 

*P < .05. 
tP  < .01. 
~P < .001. 
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Table 4. Spearman Rank Correlation Coefficients for the Relations of BMI and Basal Values and AUCs for OGTT Concentration Profiles for 
Glucose, Insulin, and Insulin Propeptides to IDL and LDL Subfractions in Patients 

IDL Light LDL Dense LDL 
(d 1.006-1.019 kg/L) (d < 1.019-1.040 kg/L) (d 1.040-1.063 kg/L) 

Parameter C TG Apo B C TG Apo B C TG Apo B 

Glucose 

Basal .23 ,21 

AUC ,33~ .27" 

Insulin 

Basal ,455 .41t 

AUC ,40t  .42t 

Proinsulin 

Basal .33~ .28* 

AUC .23 .24 

Des 31,32 proinsul in 

Basal .23 .21 

AUC .31" .33* 

BMI .25 .25 

• 21 .13 .14 .14 .34t .30" .41t 

• 32" .16 .27" .16 .22 .18 .25 

• 39 t  - . 1 9  .25 - . 20  .04 .32* .04 

,34t - . 2 7 "  .21 - .21  - . 07  .27" - . 05  

• 17 - . 1 5  .17 .13 .17 ,18 .10 

• 12 - . 2 4  .11 - . 15  .10 .14 .02 

,17 - . 2 8 "  - . 1 5  - . 2 5  .01 .16 .02 

.28* - . 2 6  - . 0 3  - . 2 2  - .11 .11 - . 0 8  

.20 .16 .08 .25 .09 ,23 .17 

NOTE. Abbreviat ions are as in Tables 2 and 3. 

*P < .05. 

I"P < .01. 

$P < .001. 

significant (r = .26 to .35, P < .05 to .01) except for the 
insulin AUC correlations with IDL apo B, whereas the 
significant insulin propeptide correlations with IDL mea- 
surements were lost. It is notable that no consistent insulin 
and insulin propeptide relations were seen with the light 
and dense LDL fractions, with the exception of a weak 
positive correlation between basal and postload insulin 
concentrations and dense LDL triglyceride level, which 
remained essentially unchanged after controlling for age 
and BMI (r = .21 to .31, P < .1 to .05). Basal glucose 
concentration, on the other hand, correlated significantly 
with the lipid and protein content of the dense LDL 
fraction. This relation sustained the control for age and 
BMI (r = .33 to ,41, P < .01). Similar correlations were 
also found between the glucose AUC and IDL measure- 
ments. 

Separate analysis of NTG and HTG patients showed that 
the associations of insulin and insulin propeptides with apo 
B-containing lipoproteins observed in the entire patient 
group were mainly confined to NTG subjects (data not 
shown). 

DISCUSSION 

The aim of this study was to determine whether glucose 
intolerance, hyperinsulinemia, and insulin propeptides are 
implicated in determining a specific atherogenic lipopro- 
rein pattern in nondiabetic men with premature coronary 
artery disease. Novel, specific assays for measuring proinsu- 
lin and des 31,32proinsulin, with a derived value for specific 
insulin, were used along with density-gradient ultracentrifu- 
gation procedures to quantify subfractions of apo B-contain- 
ing lipoproteins. A substantial proportion of young male 
postinfarction patients were found to be glucose-intolerant, 
and basal and postload hyperinsulinemia were characteris- 
tic features irrespective of glucose tolerance category. 
Insulin resistance was present among the patients, particu- 
larly among HTG subjects. Basal and postload concentra- 

tions of proinsulin and des 31,32proinsulin were elevated to 
a similar extent in patients with normal or decreased oral 
glucose tolerance. However, the basal hyperinsulinemia 
and hyperinsulinemic responses found during an OGTT 
were due to "true" insulin and were not accounted for by a 
disproportionate increase in proinsulin or des 31,32proinsu- 
lin. Furthermore, HTG lipoprotein phenotypes with a low 
HDL cholesterol concentration dominated among the pa- 
tients, and hyperinsulinemia was linked to hypertriglyceri- 
demia and putatively atherogenic lipoprotein traits, such as 
increased particle numbers of small VLDL and IDL and 
triglyceride enrichment of LDL. In addition, fasting and 
postload glucose levels were associated with plasma concen- 
trations of IDL and dense LDL. 

On the basis of our findings, we propose that an abun- 
dance of small cholesteryl ester-rich VLDL and an ele- 
vated dense LDL triglyceride concentration be included in 
the specific lipoprotein phenotype that is linked to insulin 
resistance. The insulin resistance syndrome has previously 
been shown to consist of hypertension, central obesity, 
increased plasma plasminogen activator inhibitor-1 activity, 
hypertriglyceridemia, low HDL cholesterol concentration, 
increased IDL levels, and an LDL subclass pattern shifted 
toward smaller and denser particles. 14,3U2 The present 
results extend these previous observations to patients with 
premature coronary artery disease, and suggest that in- 
creased plasma levels of putatively atherogenic, small, 
cholesteryl ester-rich VLDL particles be added to the 
multiple lipoprotein disturbances of the insulin resistance 
syndrome. We have previously demonstrated that the 
cholesteryl ester content of small VLDL particles is related 
to the severity of coronary artery disease defined anglo- 
graphically in young male survivors of myocardial infarc- 
tion, particularly HTG patients, who also had increased 
plasma levels of dense, triglyceride-enriched LDL par- 
tieles. 19 In the same vein, data from the Monitored Athero- 
sclerosis Regression Study (MARS) study indicate that 
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triglyceride-rich lipoproteins (measured indirectly as apo 
C-III-heparin precipitate), with a predominance of smaller 
and denser VLDL subclasses, independently predict pro- 
gression of angiographically defined mild to moderate 
atherosclerotic lesions in a group of patients treated with 
lovastatin. 33 

Hyperinsulinemia secondary to insulin resistance will 
increase hepatic VLDL triglyceride secretion rate and 
subsequently decrease VLDL catabolism with ensuing hy- 
pertriglyceridemia (for review, see Frayn34). Failure to 
suppress free fatty acid release from adipose tissue will 
enhance substrate availability in the liver, whereas im- 
paired postprandial activation of lipoprotein lipase will 
reduce the potential for lipolysis. 34 However, it remains to 
be established whether insulin resistance causes hypertriglyc- 
eridemia or to some extent develops as part of the HTG 
state, or merely constitutes an integral part of a larger 
syndrome found in genetically predisposed individuals. It 
has been proposed that a single-gene trait is responsible for 
the small, dense LDL subclass pattern and related lipopro- 
tein changes. 17,35,36 

In the present study, insulin propeptide concentrations 
correlated significantly with plasma levels of major lipopro- 
teins and subfractions of apo B-containing lipoproteins. 
The strength of these associations was similar to those 
obtained for insulin. It has previously been reported that 
proinsulin is more strongly associated with well-established 
cardiovascular risk factors in type II diabetic subjects than 
is insulin. 7 Population data from the San Antonio Heart  
Study, including nondiabetic subjects, also demonstrate 
stronger relationships of proinsulin, as compared with 
insulin, to serum triglyceride concentration and systolic 
blood pressure. 8 In contrast to the San Antonio Heart  
Study, proinsulin concentration was significantly increased 
in coronary artery disease patients in the present study; 
however, the increase was proportionate to that of insulin. 
An explanation for the strong proinsulin correlations ob- 
served in the San Antonio Heart  Study could be that 
proinsulin has an advantage over insulin in statistical 
models due to its lower intraindividual variability. Meta- 
bolic and biological actions also differ between insulin and 
insulin propeptides. Receptor-binding properties and meta- 
bolic effects of proinsulin and des 31,32proinsulin are 
considerably reduced as compared with insulin. 37 A more 
speculative hypothesis would be that retarded fetal growth, 
which is associated with glucose intolerance, hyperinsulin- 
emia, increased concentrations of des 31,32proinsulin, 
increased fibrinogen and factor VII levels, and CHD, might 
be the underlying disturbance. 3s-4° 

Any possible influence of ongoing B-blocker medication 
on carbohydrate and lipoprotein metabolism could not be 
controlled for, since almost all patients were taking a 
cardioselective B-blocker as part of the routine postinfarc- 
tion regimen. It is possible that the case control differences 
in basal and postload insulin and insulin propeptide levels 
might have been enhanced by B-blocker medication, whereas 
differences between subgroups of patients or between 
insulin and insulin propeptide correlations within these 
groups are less likely to depend on medication effects. 
Postload insulin concentrations in our patients were two- 
fold to threefold higher than in controls, whereas consider- 
ably lower elevations of the insulin response to a glucose 
challenge have been noted after treatment with higher 
doses of metoprolol in previous studies (daily doses of 
metoprolol 200 mg v 50 to 100 mg in our patients, or 
atenolol 25 to 50 rag). 41,42 It has also been shown that 
short-term medication with metoprolol (100 mg daily) or 
atenolol (50 to 100 mg) does not alter insulin sensitivity. 4z,43 
The extent to which B-blocker treatment might have influ- 
enced lipoprotein metabolism, and LDL subclass distribu- 
tion in particular, constitutes a conflicting issue. 44 Previous 
studies in our unit have failed to demonstrate a significant 
influence of short-term treatment with cardioselective 
B-blockers either on case control differences for plasma 
concentrations of major lipoprotein fractions and LDL 
subfractions or on lipoprotein correlations with coronary 
angiography scores. 11,45,46 

In summary, young nondiabetic male survivors of myocar- 
dial infarction are frequently glucose-intolerant. True hyper- 
insulinemia is present independently of whether glucose 
tolerance is normal or decreased, and is linked to hypertri- 
glyceridemia and increased plasma levels of small VLDL 
and IDL particles and to LDL triglycerides. Insulin and 
insulin propeptides are proportionally elevated, and corre- 
lations with major plasma lipoproteins and subfractions of 
apo B--containing lipoproteins are generally similar for 
insulin, proinsulin, and des 3 1,32proinsulin. Multiple mecha- 
nisms are likely to be involved in determining this athero- 
genic lipoprotein phenotype. The fact that glucose intoler- 
ance and hyperinsulinemia have been identified as 
independent  risk factors for future development  of 
CHD 1,3,47,4s could be explained in part by the accompanying 
atherogenic lipoprotein profile. 
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