
Introduction

Hyperinsulinemia and insulin resistance have been

associated with coronary heart disease, dyslipide-

mia, NIDDM and hypertension, although the

association of the latter with insulin resistance

remains controversial. It is not certain whether
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insulin resistance may increase the risk of coronary

heart disease through a direct effect on the arterial
wall or through its association with other risk
factors, such as NIDDM or dyslipidemia (1-3).

Recently, numerous studies have suggested that
Lp(a) concentrations may be an independent risk

factor for coronary heart disease (4-8). The rela-
tionship of NIDDM, an insulin-resistant condition,
with Lp(a) concentrations remains controversial,

with some studies showing increased concentra-
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Increased lipoprotein (a) [Lp(a)] concentrations have been recognized as a risk factor

for coronary artery disease (CAD) in nondiabetic individuals, although its

contribution to CAD in subjects with impaired glucose tolerance (IGT) is not

established.

We investigated the relationship between IGT and Lp(a) concentrations in 125

subjects suffering from anginal symptoms who had undergone the coronary

angiography  (96 male, 29 female, 28-75 years of age). They had no history of

hyperglycemic symptoms, diabetes mellitus or hypertension. Subjects were divided

into two groups according to the results of coronary angiogram: group 1 with CAD

(n=90) and the group 2 with normal coronary arteries (n=35). Each group was divided

into two subgroups according to the results of the oral glucose tolerance test

(OGTT): subgroup a with IGT and subgroup b with normal OGTT. 

Subjects of group 1 a and 1 b had significantly higher Lp(a) concentrations than

group 2a and 2b respectively  (p=0.0062, p=0.02). The Lp(a) concentration was also

significantly higher in group 1a than in group 1b (p=0.035), whereas there was no

difference between group 2 a and 2 b (p=0.8). In considering subjects with IGT there

was no difference between the serum insulin levels of the group with CAD and the

group with normal coronary arteries. There was also no significant difference

between the serum insulin levels of groups 1b and 2b.

In conclusion, this study demonstrates that serum insulin levels are not associated

with serum Lp(a) leves and that serum Lp(a) levels are higher in the CAD with

impaired glucose tolerance than with normal glucose tolerance. 
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sulfate/magnesium chloride, apolipoprotein A and

B by the immunoturbudimetric method and Lp(a)

by the nephelometric method. Coronary angio-

graphy was performed by the Judkins technique

and the severity of CAD was quantified in a

modified Gensini score (16 ).

The data were expressed as means (SD and

comparisons between groups were performed by

Student’s t-test (Instat 2 Software, San Diego, CA,

USA).

Results

In this study;subjects of the CAD group with IGT

and normal OGTT had significantly higher Lp(a)

concentrations than the group of normal coronary

arteries with IGT and normal OGTT  (Table 1).

Although Lp(a) concentration was higher in the

CAD group with IGT than in the group with

normal OGTT (Table 3), there was no difference

in the Lp(a) concentrations between of group of

normal coronary arteries with IGT and those with

normal OGTT (Table 2).

While there was no difference in the serum insulin

levels between the CAD group and the normal

coronary arteries with IGT (Table 4), there was

also no significant difference between the serum

levels in the CAD group and the normal coronary

arteries with normal OGTT (Table 5).

Discussion

This study indicates that serum Lp(a) levels are

higher in the CAD group with impaired glucose

tolerance than with normal glucose tolerance.

Hiraga et al, in their prospective study, found that

the incidence of cardiovascular disease was signifi-

cantly higher among NIDDM patients with a high

serum Lp(a) level (17). As far as serum Lp(a)

levels in diabetic patients are concerned, different

results have been reported: Haffner et al showed

that Lp(a) levels were higher in diabetic patients

than in nondiabetic subjects (18). Concerning the

relationship between Lp(a) and cardiovascular

disease in diabetic patients, relatively fewer studies

have been performed. Two studies have shown

that Lp(a) is associated with increased CVD events

tions (9-11), and other studies similar Lp(a) con-

centrations compared with normoglycemic subjects

(12). In two studies of nondiabetic subjects, insulin

concentrations have not been associated with Lp(a)

concentrations (1). Lp(a) concentrations were not

associated with insulin resistance in normoglyce-

mic subjects, but Lp(a) concentrations were inver-

sely related to first-phase insulin secretion(11).

Increased Lp(a) concentrations have been recog-

nized as a risk factor for CAD in nondiabetic

individuals, although its contribution to CAD in

subjects with impaired glucose tolerance is not

established.

We investigated the relationship between IGT and

Lp(a) concentrations.

Patient and Methods

The protocol was approved in June 1994 by the

Ethical Committee of Uluda23 University (Bursa,

Turkey). 125 nondiabetic, normotensive subjects

(96 male, 29 female, aged 28-75 years) were

recruited for the study. All subjects suffering from

anginal symptoms had undergone coronary

angiography. They were divided into two groups

according to the results of coronary angiogram:

group 1 with CAD (n=90) and group 2 with normal

coronary arteries (n=35). Each group was divided

into two subgroups according to the results of

OGTT: subgroup a with IGT and the subgroup b

with normal OGTT.

Blood samples were drawn after an overnight fast

for measurement of plasma glucose, insulin,total

cholesterol, triglycerides, HDL-cholesterol, apo-

lipoprotein A,B and Lp(a). A 75 g load of glucose

was administered and blood samples were drawn

at 30,60,90 and 120 minutes for the determination

of plasma glucose and insulin levels. The defini-

tion of glucose tolerance was based on a 2-h

OGTT according to the World Health Organiza-

tion criteria (14). Glucose was determined by the

glucose oxidase method (15) and insulin by RIA

(Coat a count, Diagnostic Products Corp., San

Diego, CA, USA). Total cholesterol, triglycerid

levels were determined by an enzymatic method,

HDL cholesterol after precipitation of apolipo-

protein B-containing lipoproteins using dextran 
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Table 1.  Clinical and biochemical characteristics of the groups with CAD and normal coronary arteries.

Group 1 (n=90) Group 2 (n=35) p

BMI(kg/m2) 26,94±0.38 26.21±0.46 NS

W/H 1.00±0.01 0.92±0.01 <0.0001

C-peptide (ng/ml) 6.71±0.5  3.5±0.41 <0.0005

T. cholesterol (mg/dl) 246.94±4.64 208.58±6.79 <0.0001

LDL-cholesterol (mg/dl) 164.56±4.17 131.33±6.36 <0.0001

HDL-cholesterol (mg/dl) 36.19±0.73 38.85±1.02 NS

Triglyceride (mg/dl) 226.1±8.87 183.58±12.05 <0.01

ApoA1 (mg/dl) 121.52±2.89 132.82±5.14 <0.05

ApoB (mg/dl) 166.03±4.02 136.36±6.47 <0.0005

Lp(a) 33.3±2.1 19.3±2.5  <0.005

NS: Nonsignificant

Table 2. Clinical and biochemical characteristics of the normal groups with IGT and normal OGTT. 

Group 2a (n=36) Group 2b (n=12) p

BMI(kg/m2) 27,89±2.76  25.31±2.16  <0.005

W/H 0.98±0.04  0.90±0.05  <0.0005

C-peptide (ng/ml) 4.15±1.98  3.1±2.36  NS

T. cholesterol  (mg/dl) 215.16±35     203.43±39.97 NS

LDL-cholesterol (mg/dl) 128.41±30.93 131.52±38.51 NS

HDL-cholesterol (mg/dl) 40.75±6.28  38.52±4.94  NS

Triglyceride (mg/dl) 225.58±78.96 162±49.11 <0.01

ApoA1 (mg/dl) 132.83±32.68 128±12.46 NS

ApoB (mg/dl) 143.17±39.08 132.3±34.76 NS

Lp(a) 20.33±11.93 18.96±17.15 NS

Insulin(basal) 15±4.2    11.8±5.65  NS

Insulin (120.min.) 112±62.8  48.2±52.5  <0.005

NS: Nonsignificant

Table 3. Clinical and biochemical characteristics of CAD groups with IGT and normal OGTT.

Group 1a (n=36) Group 1b (n=54) p

BMI(kg/m2) 26.5±3.66  27.21±3.64  NS

W/H 1.01±0.06  0.99±0.06  NS

C-peptide (ng/ml) 8.37±5.33  5.37±3.82  NS

T. cholesterol (mg/dl) 244.94±47.38 247.37±41.38 NS

LDL-cholesterol (mg/dl) 165.65±44.33 163.27±36.8  NS

HDL-cholesterol  (mg/dl 35.34±7.3    36.83±6.79  NS

Triglyceride  (mg/dl) 220.17±95.93 228.7±76.49 NS

ApoA1(mg/dl) 124.49±24.43 120.09±29.31 NS

ApoB(mg/dl) 173.71±35.15 160.19±39.24 NS

Lp(a) 38.54±20.79 29.69±18.57 <0.05

Insulin (basal) 12.23±7.62  10.28±5.73  NS

Insulin (120.min.) 105.4±68.5 50.83±37.1  <0.0001

NS: Nonsignificant



in NIDDM patients (19,20 ) whereas Haffner et al,

Nikanen et al have found no association between

Lp(a) and cardiovascular disease(17,21).In another

study Velho et al showed that there was no

difference between the diabetic patients and their

relatives and the control group in Lp(a) levels and

that Lp(a) levels were higher in the diabetic group

with a history of myocardial infarctus (20).

Ramirez et al determined in their study that Lp(a)

levels were elevated in poorly controlled diabetic

patients (8). In the study by Terres et al Lp(a)

concentrations were clearly elevated in patients

with rapid angiographic progression compared

with patients without progression and Lp(a)

concentrations in the study group as a whole were

higher than in healthy subjects and are typical for

patients with manifest coronary disease (22).

Steven et al and Haffner suggested that concerning

the relationship between Lp(a) and CAD in

diabetes little current evidence shows that Lp(a) is

a risk factor for CHD in diabetes, more studies,

especially prospective studies with larger numbers

of subjects, need to be done (18). Watts et al found

that plasma lipoprotein(a) was a strong and

independent correlate of the extent of angiographic

CAD in symptomatic patients with NIDDM (23),

while James et al reported in their study that Lp(a)

was an independent risk factor for ischemic heart 
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Table 4. Clinical and biochemical characteristics of CAD and normal group with IGT.

Group 1a (n=36) Group 2a (n=12) p

BMI (kg/m2) 26.5±3.66 27.89±2.76 NS

W/H 1.01±0.06 0.98±0.04 NS

C-peptide (ng/ml) 8.37±5.33 4.15±1.98 <0.05

T. cholesterol (mg/dl) 244±47   215±35   <0.05

LDL-cholesterol (mg/dl) 165±44   128±30   <0.01

HDL-cholesterol  (mg/dl) 35.3±7.3  40.7±6.2  <0.05

Triglyceride  (mg/dl) 220±96   225±78   NS

ApoA1(mg/dl) 124±24   132±32   NS

ApoB (mg/dl) 173±35   143±39   <0.05

Lp(a) 38.5±20.7 20.3±11.9 <0.01

Insulin (basal) 12.2±7.6  15.0±4.2  NS

Insulin (120.min.) 105±68   112±62   NS

NS: Nonsignificant

Table 5. Clinical and biochemical characteristics of CAD and normal group with normal OGTT.

Group 1b (n=54) Group 2b (n=23) p

BMI(kg/m2) 27.2±3.6 25.3±2.1  NS

W/H 0.99±0.06 0.9±0.05 <0.001

C-peptide (ng/ml) 5.37±3.82 3.10±2.36 <0.01

T. cholesterol (mg/dl) 247±41   203±39   <0.001

LDL-cholesterol (mg/dl) 163±36   131±38   <0.001

HDL-cholesterol (mg/dl) 36.8±6.7  38.5±4.9  NS

Triglyceride (mg/dl) 228±76   162±4.1  <0.001

ApoA1 (mg/dl) 120±29   128±12   NS

ApoB (mg/dl) 160±39   132±34   <0.005

Lp(a) 29.6±18.5 18.9±17.1 NS

Insulin (basal) 10.2±5.7  11.8±5.6  NS

Insulin (120.min.) 50.8±37.1 48.2±52.5 NS

NS: Nonsignificant



disease and macroangiopathy in NIDDM patients

(24).

In this study the serum total cholesterol, LDL-

cholesterol, triglyceride, apoA1 and apoB levels

were significantly more different in the group with

CAD than in the group with normal coronary

arteries. In considering subjects with impaired

glucose tolerance the CAD group had a signifi-

cantly higher serum level of total cholesterol,

LDL-cholesterol and apoB level and a signifi-

cantly lower level of HDL-cholesterol level than

the normal group. There was no difference in the

serum triglyceride and apoA1 level between both

groups. Fujiwaara et al showed that the CAD

group had a significantly lower plasma level of

HDL-cholesterol and apoA1 and a significantly

higher plasma level of total cholesterol, triglyce-

ride and apoB than the normal group (25). Hiraga

et al found that the patients in the high Lp(a) group

had lower serum triglyceride and higher HDL

cholesterol compared with those in the low Lp(a)

group and suggested that the NIDDM patients who

experienced clinical events had higher serum

triglyceride and lower HDL cholesterol levels than

the mean values of the high Lp(a) group (17).

Terres et al reported that the serum concentrations

of LDL cholesterol, HDL cholesterol, triglyce-

rides, and apolipoprotein B were similar in the two

groups of patients with and without rapid prog-

ression of coronary artery disease and concluded

that the classic cardiovascular risk factors did not

appear to be risk factors for rapid progression (22).

Ramirez et al found that plasma cholesterol, LDL

colesterol, and plasma triglyceride levels did not

differ between the two diabetic groups with poor

and better glycemic control and in their study no

correlation between the levels of Lp(a) and LDL

cholesterol was determined (9).

In this study, there was no difference in the

elevation of serum insulin levels during the oral

glucose tolerance test period between the CAD and

normal group and between the CAD and normal

group with IGT although Fujiwara et al found the

plasma insulin levels during the test were higher in

the CAD group than in the normal group (25).

Their conclusion was that hyperinsulinemia

appeared to be associated with changes in lipid and

apolipoprotein that predisposed toward coronary

atherosclerosis not only in nondiabetic subjects,

but also in those with IGT (23 ). In two studies of

nondiabetic subjects, insulin concentrations have

not been associated with Lp(a) concentrations (1).

Sidhu et al suggested that Lp(a) concentrations

were not associated with insulin resistance

(measured by the intravenous glucose tolerance

test) in normoglycemic subjects, but Lp(a) con-

centrations were inversely related to first-phase

insulin secretion (13). Haffner et al found that

normoglycemic insulin-resistant subjects did not

have elevated Lp(a) concentrations (1).

In conclusion, this study demonstrates that the

serum insulin levels are not associated with serum

Lp(a) levels and that serum Lp(a) levels are higher

in the CAD group with impaired glucose tolerance

when compared with the normal glucose tolerance

group.
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