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Summary. In a community-based study of second-gener- 
ation Japanese-American men known to have a high prev- 
alence of both Type 2 (non-insulin-dependent) diabetes 
and impaired glucose tolerance, there was a highly signifi- 
cant association of coronary heart disease with glucose in- 
tolerance in a study sample of 219 men. Intra-abdominal 
cross sectional fat area determined by computed tomog- 
raphy was significantly elevated in men with coronary heart 
disease even after adjustment for glucose intolerance and 
body mass index (p = 0.026). Other differences that were sig- 
nificantly related to coronary heart disease after adjustment 
for glucose intolerance were lower high density lipoprotein 
cholesterol levels (p = 0.001), elevated total triglyceride and 
very low density lipoprotein triglyceride (p < 0.001), and 

elevated fasting insulin and C-peptide levels p = 0.001. 
When these variables were tested in a stepwise multiple lo- 
gistic regression model, significant independent associations 
with coronary heart disease were found only for total trigly- 
ceride and fasting C-peptide after adjustment for glucose 
tolerance status. Variables identified to be associated with 
coronary heart disease were interpreted as representing or 
manifesting an insulin resistant state. Thus, insulin resis- 
tance may be the underlying risk factor aetiologically link- 
ing glucose intolerance with coronary heart disease. 

Key words: Coronary heart disease, glucose intolerance, 
triglyceride, C-peptide, intra-abdominal fat area, Type 2 
(non-insulin-dependent) diabetes. 

The association between glucose intolerance, both im- 
paired glucose tolerance and Type 2 (non-insulin-depen- 
dent) diabetes and coronary heart disease has been at- 
tributed to multiple factors and their interactions [1, 2]. 
The precise roles of many of these factors in the pathogen- 
esis of coronary heart disease is still not completely under- 
stood. One factor that is associated with glucose intoler- 
ance and has been implicated as being relevant to 
coronary heart disease from epidemiological studies [3-6] 
and experimental studies [7] is hyperinsulinaemia. This 
relationship is thought to be mediated by insulin resis- 
tance [8]. Both fasting insulin and fasting C-peptide have 
been employed as a measure of insulin resistance [8-11]. 
However C-peptide is not metabolized by the liver and is 
therefore a more reliable index of prehepatic insulin se- 
cretion than the fasting insulin [12]. High C-peptide levels 
have been interpreted as representing hypersecretion of 
insulin as a compensatory response to insulin resistance 
[8, 11]. Elevated C-peptide levels have been shown to 
precede the development of Type 2 diabetes in Japanese 
American men [11]. Insulin resistance is increased in 
obesity and with site-specific differences in body fat de- 
posits, which are also characteristically associated with 

Type 2 diabetes and coronary heart disease [13, 14]. 
Potentially atherogenic lipoprotein abnormalities are also 
frequently observed in Type 2 diabetes [1, 2, 13-17]. 
Moreover, in populations with glucose intolerance, ele- 
vated triglyceride levels have been associated with the 
subsequent progression to Type 2 diabetes [18] and coro- 
nary heart disease mortality [19]. 

In several epidemiological studies, the rates of both 
coronary heart disease and glucose intolerance have been 
found to be higher among Japanese-Americans than in 
comparison populations of native Japanese [20, 21]. The 
purpose of the cross-sectional study described here was to 
identify in a Japanese-American population known to 
have a high prevalence of both impaired glucose tolerance 
and Type 2 diabetes factors that may account for this asso- 
ciation of glucose intolerance with coronary heart disease. 

Subjects and methods 

The Japanese-American Community Diabetes Study is an epide- 
miological study to evaluate factors associated with Type 2 diabe- 
tes and its attendant complications among Japanese-Americans 



490 

150 

r162 

o &  13o 

I o 11o. 
p 
r  

90 

NGT IGT Type 2 
Diabetes 

Fig.1. Intra-abdominal cross-sectional fat area related to the 
presence [] and absence [] of coronary heart disease, by glucose 
tolerance diagnosis (NGT, normal glucose tolerance; IGT, impaired 
glucose tolerance). Analysis of variance: Main effects, p <0.001; 
coronary heart disease, p = 0.004; glucose tolerance; p = 0.09; inter- 
action, p = 0.89. Values are mean _+ SEM 

living in King County, Washington. From this population, 
229 Japanese-American Nisei men (American born and reared 
sons of immigrants from Japan) were enrolled into the study. De- 
tails pertaining to the recruitment, enrollment, characterization and 
generational assignment of the study group have been reported 
previously [11, 22, 23]. Briefly, the 229 men in the study group were 
selected from 487volunteers. Men with self-reported diabetes 
(n - 117) were first screened for enrollment and 76 were accepted. 
The reasons for exclusion have been given previously [22]. The re- 
maining 370 self-reported non-diabetic volunteer men were ran- 
domly chosen and screened for eligibility until the age distribution 
of the men with a final diagnosis of diabetes was matched, resulting 
in an enrollment of 153 self-reported non-diabetic men. The al- 
most equal distribution of normal, impaired glucose tolerant, 
and diabetic men in the final diagnostic classification of subjects 
was a consequence of this selection design. To establish that 
the study group was representative of King County Nisei men, 
it was compared and found to be similar with regard to several 
demographic characteristics to a reference group that was de- 
rived by a random sample of the study population of Nisei men in 
King County. 

Each of the subjects was studied at the Clinical Research Cen- 
ter, University of Washington Medical Center. Glucose tolerance 
status was classified as normal, impaired and Type 2 diabetes based 
upon medical information obtained from the subjects and their 
physicians and the results of a 75 g oral glucose tolerance test [22]. 
Based upon this information, 77 of the study group had normal glu- 
cose tolerance, 74 had impaired glucose tolerance and 78 had 
Type 2 diabetes. The prevalence rates of diabetes and impaired glu- 
cose tolerance in the study population have been estimated to be 
20% and 36%, respectively [22]. The proportion of diabetic sub- 
jects in the study group is higher (34%), reflecting the research de- 
sign. Ten subjects with Type 2 diabetes were receiving insulin ther- 
apy and were excluded from the present analysis, resulting in a 
study sample of 219 men. Of the remaining 68 diabetic men, 28 
were receiving oral hypoglycaemic agents. The protocol for this re- 
search was reviewed and approved by the Human Subjects Review 
Committee at the University of Washington. Written informed con- 
sent was obtained from each subject. 

Variables 

Age (years and months) was converted to proportions of a year. 
History of cigarette smoking (expressed as years smoked), physi- 
cal activity, and alcohol intake were estimated by questionnaire. 
Physical activity level (usual kilocalories expended weekly) was 
estimated from the following: "strenuous" exercise=10kcal/- 
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rain; sports activities adjusted for seasonal variation at 5 kcal/min 
for "light" sports, 10kcal/min for "strenuous" sports, and 
7.5 kcal/min for combinations of these; one flight of stairs climbed 
per day= 28 kcal/week; and one block walked per day= 
56 kcal/week (24). Alcohol intake was estimated as low ( < 3 g/day), 
moderate (3-29 g/day), or heavy (_> 30 g/day). Height (m) and 
weight (kg) were measured, and the body mass index was calcu- 
lated as kg/m 2. 

Blood pressure was the mean of three consecutive measure- 
ments with a mercury sphygmomanometer, with the subject recum- 
bent. The systolic blood pressure was determined at the first per- 
ception of sound and the diastolic blood pressure was recorded 
at the disappearance of Korotkoff sound (Phase 5). Hypertension 
was defined by either diastolic blood pressure > 90 mmHg or sys- 
tolic blood pressure > 140 mmHg. The presence of coronary heart 
disease was determined from the medical history (angina, myocar- 
dial infarction, coronary artery bypass graft, or coronary angio- 
plasty), responses to the London School of Hygiene Cardiovascular 
Questionnaire indicating angina or possible infarction [25], 
and Minnesota Code criteria for a resting 12-lead electrocardio- 
gram (items 1.1-1.3 {abnormal Q and QS patterns}, 5.1-5.3 
{abnormalities of T-waves} or 7.1 {left bundle branch block}) 
[26]. Fifty-four of the 219 Nisei men had coronary heart disease by 
these criteria. 

Cross-sectional body fat areas (cm 2) were determined by com- 
puted tomography at four sites (subcutaneous thorax, subcutaneous 
abdomen, subcutaneous thigh and intra-abdominal) as previously 
reported [11, 27]. Intraobserver variability ranged from 0.2% of the 
mean for the thigh to 1.4% of the mean for the thorax [27]. Skinfold 
thickness (mm) was measured (Lange calipers) on the left side of the 
body at four different anatomic sites (triceps, biceps, forearm and 
subscapular). 

Blood samples were drawn after a 10 h fast for measurement 
of serum glucose and plasma lipids, lipoproteins, insulin and C- 
peptide and blood samples were then drawn at 30, 60, 90, 120 
and 180 rain following 75 g oral glucose to measure serum glu- 
cose and plasma insulin and C-peptide levels. The fasting 
insulin/glucose or C-peptide/glucose was the quotient of these 
plasma peptides divided by the simultaneous serum glucose. All 
the lipid and lipoprotein measurements were performed at 
the Northwest Lipid Research Laboratory, according to modi- 
fied procedures of the Lipid Research Clinics [28]. Apopro- 
tein A1 and apoprotein B were determined by standardized 
radioimmunoassays. The serum glucose was measured by an auto- 
mated glucose oxidase method (University of Washington Medical 
Center, Department of Laboratory Medicine). Both plasma insulin 
and C-peptide were measured by radioimmunoassays performed in 
the Radioimmunoassay Core of the Diabetes Endocrinology Re- 
search Center. The intraassay and inter-assay coefficient of vari- 
ation were 5% and 8% for insulin and 7% and 11% for C-peptide. 

Table 1. Adiposity and site-specific fat measurements 

Coronary heart disease p-value 

Present Absent 
(54) (165) 

Body mass index (kg/m 2) 26.3 + 0.4 

Skinfold thickness (ram) 
Forearm 6.3 + 0.3 
Biceps 8.2 + 0.5 
Subscapular 21.2 + 0.9 
Triceps 8.7 + 0.4 

Computed tomography fat areas (cm 2) 
Subcutaneous thorax 109.4 + 5.6 
Subcutaneous abdomen 151.8 _+ 7.8 
Subcutaneous thigh 43.2 + 1.9 
Intra-abdominal 140.1 _+ 7.3 

25.3 _+ 0.2 0.013 

5.6 _+ 0.2 0.03 
6.8 • 0.2 0.024 

18.2 _+ 0.5 < 0.001 
8.5 _+ 0.2 0.61 

92.8 + 3.4 0.006 
131.8 + 4.9 0.018 

42.0 +_ 1.3 0.68 
109.7 + 4.1 < 0.001 

Values are mean _+ SEM 
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Fig.2. Total HDL cholesterol related to the presence [] or absence 
[] of coronary heart disease, by glucose tolerance diagnosis (NGT, 
normal glucose tolerance; IGT, impaired glucose tolerance). Ana- 
lysis of variance: Main effects, p < 0.001; coronary heart disease, 
p = 0.001; glucose tolerance; p = 0.049; interaction, p = 0.57. Values 
are mean + SEM 
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Fig.3. Total triglyceride related to the presence [] and absence [] 
of coronary heart disease, by glucose tolerance diagnosis (NGT, nor- 
mal glucose tolerance; IGT, impaired glucose tolerance). Analysis of 
variance: Main effects, p < 0.001; coronary heart disease, p < 0.001; 
glucose tolerance, p=0.125; interaction, p=0.581. Values are 
mean +_ SEM 

Statistical analysis 

The variables with highly skewed distributions (total and VLDL 
triglyceride, HDL and HDL2 cholesterol, and fasting C-peptide and 
insulin levels) were transformed logarithmically. A square root 
transformation was used on the physical activity variable. Differ- 
ences between the groups were analysed by applying the nonpara- 
metric Wilcoxon Rank Sum Test or the Chi Square Test as ap- 
propriate. Risk factors were analysed using two-way analysis of 
variance with coronary heart disease (absence or presence) and glu- 
cose tolerance status (normal or impaired glucose tolerance, or 
diabetes) as the grouping variables. Spearman Rank correlation 
coefficients were calculated for pairs of continuous variables. A 
stepwise method of multiple logistic regression analysis was per- 
formed to determine which variables were related to coronary heart 
disease after controlling for glucose intolerance and medications 
which could alter either glucose tolerance or lipid values. All the 
values are expressed as mean _+ SEM. 

R e s u l t s  

Clinical characteristics 

The presence of known risk factors for coronary heart  
disease were compared  between men with and without 
heart  disease. Mean  age (years) was not significantly dif- 
ferent (62.0 _+ 0.8 vs 61.3 + 0.5, p = 0.63); age ranges were 
50-74years  and 45-73 years. A greater  proport ion of 
men with coronary heart  disease were hypertensive but 
this difference was only marginally significant (64.8% vs 
50.9%, p=0 .08) .  However,  there were significantly 
higher mean  levels of both  systolic and diastolic blood 
pressure (mm Hg) in men  with compared  to those with- 
out coronary heart  disease: systolic 144.7_+2.7 vs 
137.2 + 1.3 (p = 0.008), diastolic 83.8 + 1.2 vs 79.9 -+ 0.7 
(p = 0.007). Grea ter  use of cigarettes (years smoked)  was 
significantly associated with coronary heart  disease 
(25.2-+ 2.2 vs 19.6 _+ 1.1, p = 0.019). The  difference in 
physical activity between men with coronary heart  dis- 
ease and those without was not significant (2155 + 39 vs 
2339 _+ 26 kcal/week). Those persons with modera te  alco- 
hol intake had less coronary heart  disease (15.3%) than 
those with low (27.9%) or high intake (38.9%; Z2= 6.11, 

p = 0.047). The percentage of men with coronary heart  
disease progressively increased with each of the glucose 
tolerance categories (normal - 9,1% {n = 7}, impaired - 
27.0% {n = 20}, and diabetes - 39.7% {n = 27}; Z2 = 18.56, 
p < 0.001) and was observed when comparing the normal  
and impaired glucose tolerance groups (Z2=8.27, 
p = 0.004). and the normal  glucose tolerance and diabetes 
groups (%; = 18.86, p < 0.001). The presence of coronary 
heart  disease was not significantly different between the 
impaired glucose tolerance and diabetes groups 
(Z2= 2.57, p = 0.11). 

Adiposity and site-specific fat measurements 

Body mass index and three skinfold thickness measure- 
ments, biceps, forearm, and subscapular, were significant- 
ly elevated in those men with coronary heart  disease 
(Table 1). Similarly, the computed  tomography deter- 
mined cross-sectional intra-abdominal,  subcutaneous ab- 
dominal and subcutaneous thoracic fat areas were signifi- 
cantly increased in those men  with heart  disease. After  an 
adjustment for glucose tolerance status (using it as a 
grouping variable along with coronary heart  disease in a 
two-way analysis of variance) for each of these nine vari- 
ables, only the intra-abdominal  fat area was significantly 
associated with heart  disease (Fig. 1). The association of 
the intra-abdominal  fat area with coronary heart  disease 
remained significant after adjusting for body mass index 
as a covariate. 

Lipids and lipoproteins 

Total cholesterol was not different between men with and 
without coronary heart disease (Table 2). However,  cho- 
lesterol derived f rom both L D L  and H D L  was significant- 
ly lower in men with heart  disease. Further  subdivision of 
H D L  cholesterol into HDL2 and HDL3 cholesterol re- 
vealed both to be lower in men  with heart  disease. Con- 
versely, total triglyceride and V L D L  triglyceride were 
higher in men with heart  disease. The cholesterol f rom 



492 R.W. Bergstrom et al.: Triglyceride and C-peptide with heart disease 

1.50 
nO 

GL 

] ~ 1.25 

�9 - ~ 1.00 

121 
Lt_ 

0.75 

NGT IGT Type 2 

Diabetes 

Fig.4. Fasting C-peptide related to the presence [] or absence [] of 
coronary heart disease, by glucose tolerance diagnosis (NGT, nor- 
mal glucose tolerance; IGT, impaired glucose tolerance). Analysis of 
variance: Main effects, p < 0.001; coronary heart disease, p = 0.001; 
glucose tolerance, p <0.001; interaction, p =0.168. Values are 
mean _+ SEM 
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Fig. 5. Fasting insulin related to the presence [] or absence [] of co- 
ronary heart disease, by glucose tolerance diagnosis (NGT, normal 
glucose tolerance; IGT, impaired glucose tolerance). Analysis of 
variance: Main effects, p < 0.001; coronary heart disease, p = 0.03; 
glucose tolerance, p<0.001; interaction, p=0.06. Values are 
mean + SEM 

V L D L  was also higher in men with heart disease. Apopro-  
tein A~ was significantly lower in the men with heart  dis- 
ease while apoprotein B was not significantly different. 
The lower H D L  cholesterol and higher total triglyceride 
remained significant after adjustment for glucose toler- 
ance status (Figs. 2 and 3). By similar analysis, both lower 
HDL2 cholesterol and elevated V L D L  triglyceride were 
also significant for coronary heart disease (p=0.02,  
p < 0.001; respectively). 

Insulin and C-peptide 

Fasting C-peptide and insulin levels were both significant- 
ly elevated in men with C H D  vs those without C H D  
(1.22 _+ 0.07 nmol/l vs 0.93 _+ 0.03 nmol/1, p < 0.001; and 
116 + 11 pmol/1 vs 84 _+ 4 pmol/1, p = 0.006; respectively). 
Since the fasting C-peptide and insulin levels ,nay be in 
part  determined by the simultaneous glucose levels, both 
were adjusted for the fasting glucose. The fasting C-pep- 
tide/glucose and insulin/glucose were still significantly 
elevated in those men with coronary heart  disease 
(18.3 _+ 0.8 nmol /mmol  vs 14.9 _+ 0.5 nmol /mmol ,p  < 0.001; 
and 1.68 + 0.13 nmol/mmol vs 1.31 + 0.04 nmol/mmol,  
p = 0.009; respectively). Although glucose intolerance was 
more strongly associated with hyperinsulinaemia than 
was coronary heart disease, the elevation of both fasting 
insulin and C-peptide with heart  disease remained signifi- 
cant after the glucose intolerance status was introduced as 
a grouping variable along with heart  disease in the analysis 
(Figs. 4 and 5). 

Multivariate analysis 

For the entire study sample of 219 Nisei men, both the 
fasting insulin and C-peptide levels were positively corre- 
lated with body mass index, intra-abdominal  fat, total tri- 
glyceride and V L D L  triglyceride, and inversely corre- 
lated with H D L  and HDL2 cholesterol levels (Table 3). 
There was a weaker  but still significant positive correla- 

tion of both fasting insulin and C-peptide levels with both 
systolic and diastolic blood pressure levels. The total tri- 
glyceride was positively correlated with body mass index, 
intra-abdominal fat, and V L D L  triglyceride and inversely 
correlated with H D L  and H D I 4  cholesterol. Total trigly- 
ceride had a weaker  but significant positive correlation 
with diastolic blood pressure. There  was no significant 
correlation between total triglyceride and systolic blood 
pressure level. 

Because of these interrelationships, a stepwise 
multiple logistic regression model was used to assess the 
contribution of many of these variables to coronary heart  
disease. This model  included both known and pro- 
posed risk factors for heart  disease: age, cigarette use, 
physical activity, alcohol intake, hypertension, obesity, 
and intra-abdominal fat area, and plasma levels of L D L  
and H D L  cholesterol, total triglyceride, fasting insulin, 
and fasting C-peptide. In addition, t reatment  with 
either beta  adrenergic antagonists or diuretics was tested 
by Chi square analysis for a relationship to heart  disease 
because these agents are known to alter lipid and glu- 
cose parameters .  Diuretic therapy was not associated 
with coronary heart  disease while therapy with beta  
adrenergic antagonists was associated with heart disease 
(Z ~ = 6.58, p = 0.037). This latter variable was forced in- 

Table 2. Plasma lipid and lipoprotein levels (retool/l) 

Coronary heart disease p-value 

Present Absent 
(54) (165) 

Total cholesterol 5.96 + 0.16 6.12 _+ 0.08 0.28 
VLDL cholesterol 1.26 _+ 0.13 0.80 + 0.04 < 0.001 
LDL cholesterol 3.56 _+ 0.15 3.98 + 0.03 0.014 
HDL cholesterol 1.13 _+ 0.04 1.34 + 0.03 < 0.001 
HDI~ cholesterol 0.18 + 0.02 0.29 _+ 0.02 < 0.001 
HDL3 cholesterol 0.95 + 0.02 1.05 + 0.01 < 0.001 
Total triglyceride 2.68 + 0.26 1.71 _+ 0.08 < 0.001 
VLDL triglyceride 2.10 _+ 0.23 1.20 _+ 0.07 < 0.001 
Apoprotein A1 (mg/dl) 136.4 + 2.6 147.0 + 1.9 0.004 
Apoprotein B (mg/dl) 126.3 + 3.8 128.8 + 2.3 0.62 

Values are mean + SEM 
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Table 3. Correlation coefficients of C-peptide, insulin, and tri- 
glyceride levels with selected variables 

Fasting Total tri- 
Insulin C-peptide glyceride 

Body mass index 0.503 0.253 0,345 
Intra-abdominal fat 0.512 0.282 0.383 
HDL cholesterol - 0.441 - 0.292 - 0.686 
HDI_a cholesterol - 0.431 - 0.279 - 0.701 
VLDL triglyceride 0.450 0.301 0.975 
Total triglyceride 0.418 0.312 1.000 
All of the correlation coefficients were significant, p < 0.01 

Table 4. Final equation of stepwise multiple logistic regression anal- 
ysis of coronary heart disease with forced entry of glucose tolerance 
status (impaired glucose tolerance and Type 2 (non-insulin-depen- 
dent) diabetes), beta adrenergic antagonist therapy, and oral hypo- 
glycaemic medication therapy 

Variable Coeffi- Stan- Stand- p value 
cient dard ardized 

error coefficient 

Impaired glucose 
tolerance 0.555 0.255 2.175 0.024 

Type 2 diabetes 0.756 0.284 2.664 0.0063 

Beta adrenergic 
antagonist therapy 0.182 0.216 0.842 0.40 

Oral hypoglycaemic 
therapy - 0.449 0.300 - 1.499 0.13 

Years smoked 0.025 0.012 2.019 0.040 

Moderate alcohol - 0.480 0.223 - 2.159 0.025 

Heavy alcohol 0.141 0.324 0.435 0.67 

Total triglyceride 0.911 0.372 2.449 0.012 

Fasting C-peptide 1.361 0.571 2.383 0.014 

tO the model to control for the effects of beta adrenergic 
antagonist therapy. Finally, the model was also con- 
trolled for glucose tolerance status (both diabetes and 
impaired glucose tolerance) and oral hypoglycaemic 
medication in order to assess their relationships with 
coronary heart disease in multivariate analysis. The 
forced entry into the model was performed since subjects 
with Type 2 diabetes were preferentially enrolled into the 
study sample. The analysis showed total triglyceride and 
fasting C-peptide to be significantly associated with 
coronary heart  disease (Table 4). Glucose tolerance 
status (both diabetes and impaired glucose tolerance) re- 
mained significantly related to heart disease even after 
entry of C-peptide and triglyceride. Cigarette use 
measured by years smoked was also significantly associ- 
ated with coronary heart disease. Alcohol intake by ca- 
tegories "moderate  intake" and "heavy intake" entered 
the model together with the former showing a significant 
inverse association with coronary heart  disease and the 
latter no association with heart  disease. Diastolic blood 
pressure level also entered the model, but hypertension 
defined as blood pressure > 140/90 did not. All other 
variables were non-significant and did not enter the 
model. 
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Discussion 

There is an increased prevalence of coronary heart dis- 
ease with both impaired glucose tolerance and Type 2 
diabetes [1, 2]. Nisei men known to have a high prevalence 
of both impaired glucose tolerance and Type 2 diabetes 
also have a significantly increased prevalence of coronary 
heart disease associated with glucose intolerance (both 
diabetes and impaired glucose tolerance). The finding 
that total triglyceride and fasting C-peptide were the only 
variables significantly associated with coronary heart dis- 
ease after adjustment for glucose tolerance in a stepwise 
multiple logistic regression analysis agrees with another  
study in a separate immigrant Asian population in which 
elevation of both triglyceride and C-peptide were also as- 
sociated with coronary heart  disease [29]. 

Although obesity is often reported as being a risk fac- 
tor for coronary heart  disease, this has not been a consis- 
tent finding in men over 45-years-old [30]. Moreover, the 
association of obesity with coronary heart  disease appears 
to be mediated by other risk factors [13]. Several studies 
have suggested that site specific body fat measurements 
may be a better  predictor of CHD than overall obesity or 
adiposity [13, 31-33]. In particular, measurements of 
upper body or central fat, such as subscapular skinfold 
thickness, the ratio of various skinfold thicknesses, and 
the waist to hip circumference ratio, have been reported 
as being significantly associated with coronary heart dis- 
ease independent of body mass index. In two prospective 
studies, the waist to hip circumference ratio [31] and the 
subscapular skinfold thickness [33] were predictors of cor- 
onary heart disease even after adjustment for body mass 
index. One of these studies (Honolulu Hear t  Program) 
also examined Japanese-American men [33]. In the pres- 
ent cross-sectional study sample, subscapular skinfold 
thickness as well as forearm and biceps skinfold thickness 
and body mass index were associated with coronary heart  
disease, and of these, the subscapular skinfold thickness 
was most closely associated with heart  disease; however, 
none of the skinfold measurements remained significant 
after adjustment for body mass index. This discrepancy 
with the Honolulu Hear t  Program may be related to 
the much smaller number of subjects in the present study 
(219 compared to 7692) or the differences in study design. 

Another  measure of central obesity is the intra-ab- 
dominal fat area determined by computed tomography, a 
variable previously shown to be associated with glucose 
intolerance [32, 34]. In the present study, intra-abdominal 
fat area was the only adiposity and site-specific fat vari- 
able to remain significantly associated with coronary 
heart disease in two way analysis of variance with glucose 
intolerance as the other grouping variable, suggesting that 
the association of intra-abdominal fat area and heart dis- 
ease was independent  of glucose intolerance. Indeed, the 
relationship of the intra-abdominal fat area to glucose 
tolerance status was not significant in this two-way anal- 
ysis. However, in the multiple logistic regression model, 
the association between intra-abdominal fat and coronary 
heart disease was no longer significant possibly due to the 
strong association of intra-abdominal fat with both fasting 
C-peptide and triglyceride. A recent study confirms the 
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significant association of the intra-abdominal fat area 
determined by computed tomography with both insulin 
and triglyceride in a healthy population [32]. In another 
study intra-abdominal fat area determined by computed 
tomography was correlated to various plasma lipoprotein 
levels independent of body mass index [35]. 

The lipoprotein abnormalities associated with coro- 
nary heart disease in this population of Nisei men included 
elevated total and VLDL triglyceride, and decreased apo- 
protein Aa, and HDL and HDL2 cholesterol levels. This 
lipoprotein profile is one commonly observed in Type 2 
diabetes [2, 17]. In Type 2 diabetes, the abnormal VLDL 
levels have been attributed to both increased production 
and decreased clearance of VLDL [2, 13, 17]. In popula- 
tions with a high prevalence of glucose intolerance, tri- 
glyceride levels have been found to be elevated in those 
who develop coronary heart disease [19, 36]. However, al- 
though hypertriglyceridaemia is often associated with 
coronary heart disease, whether hypertriglyceridaemia 
has an independent causal relationship with coronary 
heart disease has been questioned [37, 38]. In several pro- 
spective studies in men, both without [39, 40] or with glu- 
cose intolerance [19], plasma triglyceride levels were 
found to be independently associated with heart disease, 
but HDL cholesterol levels were not assessed. 

In our study sample, both total and VLDL triglyceride 
were associated with glucose intolerance and with coro- 
nary heart disease, independent of glucose intolerance. 
The association of hypertriglyceridaemia with glucose in- 
tolerance and coronary heart disease may reflect under- 
lying abnormalities in metabolism of triglyceride-rich 
lipoproteins. In addition, LDL cholesterol levels were 
lower in men with coronary heart disease, although apo- 
protein B levels were not. There are several possible ex- 
planations for these findings. Although the mechanisms 
whereby elevated triglyceride may be atherogenic are un- 
resolved, it is possible for the VLDL ultracentrifugation 
fraction to contain intermediate density remnants of the 
triglyceride-enriched lipoproteins; these have been re- 
ported as being elevated in Type 2 diabetes and are athe- 
rogenic [1, 2, 14, 41-43]. Moreover, their plasma concen- 
trations are significantly correlated with triglyceride 
levels. The significantly lower LDL cholesterol levels in 
the men with coronary heart disease could be the result of 
triglyceride-enriched or cholesterol-depleted LDL par- 
tides. Higher VLDL and intermediate density lipoprotein 
mass have been reported to be associated with small dense 
LDL particles [38]. An elevation of these potentially athe- 
rogenic remnant particles in the VLDL density range and 
decrease of cholesterol in the LDL density range might 
not affect the total apoprotein B measurements. Lower 
LDL levels have been observed in a group of newly diag- 
nosed diabetic individuals with a high prevalence of cor- 
onary heart disease [44]. 

Numerous studies examining the general population 
have documented the association of coronary heart dis- 
ease with low HDL and HDL2 cholesterol levels [45, 46]. 
Studies examining populations of diabetic subjects have 
also demonstrated the association of low HDL and HDL2 
cholesterol levels with coronary heart disease [16, 47, 48]. 
In the present study sample known to have a high pre- 

R. W. Bergstrom et al.: Triglyceride and C-peptide with heart disease 

valence of Type 2 diabetes and impaired glucose toler- 
ance, both reduced HDL and HDL2 cholesterol levels and 
reduced apoprotein A~ were associated with the presence 
of coronary heart disease. This association with coronary 
heart disease was not due to glucose intolerance since it 
persisted after adjusting for glucose intolerance. Low 
HDL cholesterol levels have been proposed to have a role 
in atherosclerosis by reducing cholesterol clearance from 
the arterial wall [49]. However, the HDL variable was no 
longer significant in the multiple logistic regression model 
possibly due to the significant inverse relationship of 
HDL cholesterol with triglyceride. It can be concluded 
from epidemiological studies that the relative contribu- 
tions of reduced HDL and elevated triglyceride levels to 
development of coronary heart disease constitute an area 
of controversy [38, 39, 50]. 

The association of coronary heart disease with ele- 
vations of both fasting insulin and C-peptide levels 
adjusted for glucose tolerance status identifies hyperin- 
sulinaemia as another risk factor for coronary heart dis- 
ease independent of glucose tolerance status. Several 
prospective studies have also suggested this [3-6]. A re- 
cent study found normal glucose tolerant subjects with 
hyperinsulinaemia to have both elevated blood pressure 
and the lipid abnormalities often observed in glucose in- 
tolerant individuals, when compared to matched control 
subjects without hyperinsulinaemia [51]. 

Elevated fasting C-peptide levels in Nisei men with 
normal and impaired glucose tolerance have been shown 
to directly correlate with the deposition of intra-abdomi- 
hal fat [11], and increased intra-abdominal fat has been re- 
ported to correlate with decreased insulin clearance [52], 
a manifestation of insulin resistance. This offers further 
support to the interpretation of elevated fasting levels of 
insulin and C-peptide as markers of insulin resistance. We 
hypothesize insulin resistance to be the primary abnor- 
mality in Nisei men and hyperinsulinaemia to be a com- 
pensatory response. 

This insulin resistant condition is thought to be one 
feature of a syndrome characterized by the clustering of 
glucose intolerance, increased VLDL triglyceride, de- 
creased HDL cholesterol, and increased risk of coronary 
heart disease and hypertension [6, 51, 53-56]. Several 
studies have demonstrated a significant positive correla- 
tion between the degree of insulin resistance as deter- 
mined during a euglycaemic insulin clamp with total tri- 
glyceride and VLDL triglyceride, and significant negative 
correlation with HDL cholesterol, independent of adipos- 
ity [10, 57]. 

In conclusion, the findings from the present study are 
consistent with other epidemiological studies in the iden- 
tification of risk factors for coronary heart disease. The 
important variables associated With coronary heart dis- 
ease include glucose intolerance, increased intra-abdomi- 
nal fat, elevated total and VLDL triglyceride, decreased 
HDL cholesterol, and hyperinsulinaemia. While all of 
these variables appear to be related to insulin resistance, 
with the multiple logistic regression analysis only total 
triglyceride and fasting C-peptide, two variables linked 
physiologically to insulin resistance, in addition to glucose 
tolerance status retained significant associations with 
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c o r o n a r y  h e a r t  d isease .  Thus ,  insul in  res i s tance  m a y  be  a 
c o m m o n  fac tor  tha t  under l i e s  the  d e v e l o p m e n t  of  all of  
these  condi t ions  a s soc ia t ed  with  c o r o n a r y  hea r t  d i sease  
and,  a l t hough  the  prec i se  m e c h a n i s m  for these  r e l a t ion -  
ships r ema ins  unreso lved ,  m a y  exp la in  the  assoc ia t ion  of  
glucose i n to l e r ance  and  a therosc le ros i s .  
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