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CAD risk factors without detectable CAD. Furthermore,
the association of higher insulin and proinsulin levels
with the likelihood of a patient having or not having CAD
disappears after adjustment for BMI, suggesting that
insulin and proinsulin are not independent risk markers
but are primarily dependent on obesity. Diabetes 45:736741, 1996

I

n recent years, hyperinsulinemia has been associated
with coronary artery disease (CAD) in both retrospective and prospective studies (1-3). Despite 20 years of
research, however, the strength of this relationship
remains the subject of intense debate (4-8). In epidemiological studies, the association of insulin with CAD has been
inconsistent and, at times, weak at best. Results differ
depending on the analysis (univariable and multivariable)
and endpoints (fasting versus post-glucose load insulin).
Each of these studies has had limitations that may account
for the conflicting results. Commonly, the population studies
included CAD patients and normal subjects without strict
documentation of the disease status. This has been the case
particularly for the control subjects, who usually comprise
an age-matched cohort without known clinical manifestation
of atherosclerosis. Only a few retrospective reports include
patients specifically categorized by noninvasive (stress testing) or invasive (angiographic) testing (9-11). Additionally,
most reports have used total insulin immunoreactivity,
which reflects insulin and variable percentages of proinsulin
and intermediates in the conversion of proinsulin to insulin.
This has raised questions about the role of proinsulin in the
relationship of total insulin immunoreactivity to CAD. Assays
specific for and distinguishing between insulin and proinsulin have been used only in a few of the epidemiological and
none of the angiographic studies.
Some investigators suggested that whereas insulin may not
be an independent risk marker for CAD, it is the hyperinsulinemic syndrome, a cluster of factors, that results in
atherosclerosis (6,7). This syndrome comprises hyperinsulinemia, hypertension, NIDDM, and central obesity. Among
these markers, however, it may be android obesity, rather
than insulin, that is central to CAD risk. Another theory has
promoted proinsulin, rather than insulin, as a primary factor
for CAD risk (12,13). If proinsulin is significant, it may be
only in patients with frank diabetes who commonly have
proinsulin secretion disproportionate to that of insulin
(14,15). In nondiabetic subjects, however, proinsulin concentration usually parallels insulin concentration, and thus CAD
risk should be equally strong or weak for both hormones.
The importance of proinsulin deserves further study, since
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Controversy persists about whether hyperinsulinemia
and hyperproinsulinemia are independent risk markers
for coronary atherosclerosis. A common limitation of
most previous studies has been imprecise categorization
of disease status in normal and coronary artery disease
(CAD) groups. We assessed the relationship of pancreatic
P-cell secretory products and premature CAD in a casecontrol study of 134 nondiabetic subjects, aged <55 years
old, carefully defined for CAD status by catheterization
and/or thallium stress studies. Case patients comprised
66 patients with premature CAD, and control subjects
(non-CAD group) included 68 patients without CAD but
with traditional CAD risk factors and chest pain and/or
abnormal electrocardiograms but normal catheterization
and/or thallium stress studies. In addition to the CAD and
non-CAD group comparison, both groups were compared
with a reference group of 27 mixed lean and obese control
volunteers. All CAD and non-CAD patients had a 3-h 75-g
oral glucose tolerance test with measurement of fasting
and post-glucose load immunoreactive insulin (IRI), specific insulin (INS), proinsulin-like material (PI), and
C-peptide. Increased fasting insulin and fasting proinsulin levels both were statistically significantly associated
with higher odds of being in either the premature CAD
and the non-CAD groups when compared with the reference group in a polychotomous logistic regression model
(odds ratio of at least 1.20 for a 20% increase in each
($-cell secretory product in both comparisons, P < 0.05).
However, increased pancreatic P-cell secretory hormone
levels did not show a statistically significant relative risk
for being in the premature CAD group when compared
with the non-CAD group. After adjustment for BMI, all
statistically significant associations disappeared for IRI,
INS, and PI when the odds favoring being in the CAD and
non-CAD groups were compared versus the reference
group. Furthermore, the odds of being in the premature
CAD and non-CAD groups when compared with the reference group were not significantly associated to the
ratio of PI to insulin and C-peptide. Thus, although there
is a statistically significant association between the odds
of having premature CAD with elevated insulin and proinsulin levels compared with the reference group, these
findings are equally common in subjects with traditional
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one recent study by Haffner et al. (16) found relative increased proinsulin to insulin levels in nondiabetic subjects
with the insulin resistance syndrome.
The aim of the present study was to evaluate the relationship of pancreatic (3-cell secretory products to premature
CAD in a population carefully defined for CAD status. All
patients had undergone either cardiac catheterization or
exercise thallium imaging with measurement of specific
insulin and proinsulin.

Glucose tolerance testing. All subjects had an oral glucose tolerance
test performed after an overnight 12-h fast. For the test, 75 mg oral
glucose was administered at 9:00 A.M. Blood samples were drawn at -20,
-10, 0, 15, 30, 45, 60, 90, 120, and 180 min for glucose and pancreatic
P-cell secretory products.
Laboratory analyses. Plasma glucose was measured using a glucose
oxidase method (Glucose Analyzer II, Beckman, Brea, CA). Insulin,
proinsulin, and C-peptide were measured in the laboratory of Dr. R.
Cohen. Insulin was measured using two equilibrium radioimmunoassays
with second-antibody precipitation (17): one for immunoreactive insulin
(IRI) and one specific for insulin (INS). The IRI assay is based on an
antiserum with ~50% cross-reactivity for proinsulin and proinsulin
conversion intermediates. The INS assay (Linco, St. Louis, MO) is based
on an antiserum with <1% cross-reactivity for proinsulin and des-31,32proinsulin but —100% cross-reactivity for des-64,65-proinsulin. Since
there are negligible amounts of des-64,65-proinsulin in the circulation,
this assay is essentially a measure of insulin itself without significant
cross-reactivity from proinsulin-related peptides. Proinsulin-like material (PI) was measured using antiserum HE in a nonequilibrium assay
with second-antibody precipitation, as previously described (18, 19).
C-peptide was measured using antiserum M1230 in an alcohol precipitation nonequilibrium assay (20). Intra- and interassay limits of detection
were 5 and 8% for IRI, 6 and 8% for INS, 7 and 8% for PI, and 5 and 6%
for C-peptide, respectively. Intra- and interassay coefficients of variation
were 8 and 7% for IRI, 9 and 9% for INS, 9 and 6% for PI, and 2 and 7%
for C-peptide, respectively. The reference range established in the
laboratory was based on a sample of 27 nondiabetic mixed lean and
obese subjects (12 men and 15 women with BMI of 25 ± 4 [mean ± SE]).
Three ratios were calculated to relate proinsulin to insulin: i )
proinsulin/(specific insulin plus proinsulin), 2) proinsulin/C-peptide,
and 3) proinsulin/specific insulin. The glucose response to an oral
glucose load was defined as normal, impaired glucose tolerance (IGT),
and diabetes by World Health Organization criteria (21). Excluded from
analysis were patients with previously known diabetes or an abnormal
oral glucose tolerance test that met the criteria for diabetes. Values
DIABETES, VOL. 45, JUNE 1996

Demographics
n
Age (years)
Ethnicity (% blacks)
CAD risk factors
Male sex (%)
History of smoking (%)
History of hypertension (%)
History of dyslipidemia (%)
Family history of CAD (%)
Metabolic profile
Family history of diabetes (%)
Abnormal glucose tolerance
test (% IGT)
Body fat (%)
BMI (kg/m2)
WHR
Fasting glucose (mg/dl)

Non-CAD
group

CAD
group

P
value

68
44 ± 0.8
58

66
47 ± 0.8
44

0.011
0.125

47
50
69
64
55

54
68
81
61
44

0.409
0.039
0.133
0.763
0.310

23

18

0.476

25
28
35 ± 1.2
30 ± 1.4
31 ± 0.8
29 ± 0.8
0.86 ± 0.01 0.88 ± 0.01
97 ± 1.8
98 ± 1.9

0.716
0.011
0.113
0.222
0.813

Data are means ± SE.
reported for glucose and pancreatic (3-cell secretory products were
baseline, 2 h, peak, and area under the curve (AUC).
Statistical analysis. The data were analyzed using PC SAS for Windows software. Statistical comparison of the prevalence of nominal
traditional risk factors between the CAD and non-CAD groups was
conducted using the x2 test statistic. The statistical significance of
continuous traditional risk factors with the risk of premature CAD was
determined using Wald's x2 test statistic obtained from a bivariable
logistic regression analysis.
Wald's x2 test statistic from a bivariable logistic regression analysis
was also used to determine if there was a statistically significant
association between the natural logarithm of each p-cell secretory
product and product ratios with the odds of having premature CAD. The
above analyses were conducted separately on baseline, 2-h, peak, and
AUC values. AUC curve values were calculated using the standard
trapezoidal rule.
The statistical association of the p-cell secretory products with the
inclusion of the reference group, in addition to the non-CAD and CAD
groups, was determined using a multiple polychotomous logistic regression model. For all statistical comparisons, P < 0.05 was considered to
indicate a statistically significant association.
RESULTS

Demographics, major CAD risk factors, and metabolic
profile. Descriptors of the study population are listed in
Table 1. The non-CAD group was slightly younger than the
group with premature CAD, but both groups had mean ages
in the mid-40s. The recruitment strategy was successful in
achieving a balance between men and women and blacks
and whites.
The prevalence of major CAD risk factors (male sex,
smoking, hypertension, dyslipidemia, and family history of
CAD) was comparable in both groups. The high frequency of
risks in the non-CAD group reflects the screening process,
which included patients with suspicion of CAD who had
been referred for either thallium exercise or catheterization
tests. None had diabetes, since this was an exclusionary
criterion for study participation.
Both the non-CAD and the premature CAD groups were
obese and had BMIs of 31 ± 0.8 and 29 ± 0.8 (mean ± SE),
respectively. WHRs were similar in both groups (0.86 ± 0.01
in the non-CAD group and 0.88 ± 0.01 in the CAD group).
Percentage body fat was slightly higher in the non-CAD
group (35 vs. 30% in CAD patients). Although fasting glucose
737
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RESEARCH DESIGN AND METHODS
Subjects. Study subjects undergoing treatment and evaluation in the
coronary care unit, exercise laboratory, and cardiac catheterization
laboratory at the George Washington University Medical Center were
asked to participate. All individuals were ^55 years old. None had
diabetes, as determined by glucose tolerance testing (see below).
Sampling was designed to balance sex and race (blacks and whites) in
the CAD group and the group without CAD (non-CAD group). The
presence of CAD was determined by coronary arteriography (>50%
stenosis in one or more major coronary vessel) in all patients in whom
CAD was positively confirmed. The absence of CAD was documented by
either a negative exercise thallium perfusion study and/or a normal
cardiac catheterization (no lesions). For comparison with the non-CAD
and CAD patient groups, we used a reference group of 27 mixed lean and
obese volunteer subjects studied at the University of Cincinnati. Studies
were approved by the Committees on Human Research at the George
Washington University Medical Center and the University of Cincinnati,
and written signed consent was obtained from each participant.
Data collection. Physical characteristics measured included BMI,
waist-to-hip ratio (WHR), and percentage body fat. Waist and hip
circumferences were measured according to standard procedures. The
waist was measured to the nearest centimeter at the level of the
umbilicus with the subject standing. Hip circumference was measured at
the level of the iliac crest with the subject in the supine position.
Bioelectrical impedance analysis was used for assessment of body
composition. Measurements were obtained using a four-electrode impedance plethysmograph (RJL, Detroit, MI). The analyzer takes into
account the subject's height and total body weight and estimates
percentages of lean and fat body mass.

TABLE 1
Demographic and clinical characteristics of the study population

i

INSULIN AND PROINSULIN AS RISKS FOR CAD

TABLE 2
Fasting pancreatic p-cell secretory products
Logistic regression analysis results
Non-CAD vs. reference
Reference
IRI (pmol/1)
50 ±
50 ±
INS (pmol/1)
PI (pmol/1)
8.6 ±
C-peptide (nmol/1) 0.46 ±

Non-CAD
group

5.8
80 ±
7.9
76 ±
0.64 13.5 ±
0.03 0.68 ±

CAD
group

6.4
78 ±
5.3
77 ±
1.39 14.3 ±
0.04 0.79 ±

6.9
6.8
1.42
0.05

BMIadjusted

Unadjusted
1.23
1.31
1.20
1.58

(0.005)
(0.005)
(0.032)
(<0.001)

1.00 (0.99)
1.16 (0.17)
0.96 (0.74)
1.22 (0.26)

CAD vs. reference
BMIadjusted

Unadjusted
1.21
1.29
1.26
1.86

(0.007)
(0.007)
(0.006)
(<0.001)

1.08
1.22
1.09
1.73

CAD vs. non-CAD
Unadjusted

BMIadjusted

(0.44) 0.99 (0.86) 1.08
(0.06) 0.99 (0.81) 1.05
(0.41) 1.06 (0.36) 1.13
(0.003) 1.18(0.07) 1.43

(0.28)
(0.49)
(0.08)
(0.003)

Data are means ± SE or odds ratio (P). Odds ratio: the relative odds of being in the first rather than the second group in each comparison
for a 20% increase in the pancreatic p-cell secretory product.

compared with the laboratory fasting reference control
group. However, when the INS and PI values were adjusted
for BMI in a multivariable polychotomous logistic regression
model, all odds ratios were reduced toward 1.0, and there
was no statistically significant difference between any two
groups. Only C-peptide yielded significantly higher odds for
being in the premature CAD group versus the reference
group (odds ratio 1.73, P = 0.001).
There was no statistically significant association when the
odds of being in the premature CAD group versus the
non-CAD group were compared with respect to fasting
insulin and proinsulin, with and without adjustment for BMI.
C-peptide was the only fasting p-cell product for which the
odds of being in the CAD group were higher than being in the
non-CAD group (odds ratio 1.43, P = 0.003, BMI-adjusted).
Post-glucose load measures. Before adjustment for BMI,
there was no statistically significant association between the
odds of being in the premature CAD group compared with
the non-CAD group with respect to a 20% increase in 2-h,
peak, and AUC values for IRI, INS, and PI (Table 3). After
adjustment for BMI, only proinsulin values at 2 h and peak
were statistically associated with the odds of being in the
CAD group compared with the non-CAD group. The estimated odds of being in the CAD group when compared with
the non-CAD group for a 20% increase in the 2-h and peak PI
values were 1.19 (P = 0.027) and 1.17 (P = 0.041), respectively. This association was not observed for AUC measures.

TABLE 3
Post-glucose load pancreatic (3-cell secretory products
Logistic regression analysis
CAD vs. non-CAD
Non-CAD group
2-h
IRI (pmol/1)
INS (pmol/1)
PI (pmol/1)
C-peptide (nmol/1)
Peak
IRI (pmol/1)
INS (pmol/1)
PI (pmol/1)
C-peptide (nmol/1)
AUC
IRI (pmol/1)
INS (pmol/1)
PI (pmol/1)
C-peptide (nmol/1)

Unadjusted

641 ±
633 ±
67.1 ±
3.22 ±

84
58
5.9
0.18

1.01
1.01
1.07
1.27

210
117
5.8
0.20

1.07(0.17)
1.05 (0.31)
1.08(0.19)
1.26 (0.028)

1.13(0.052)
1.08 (0.22)
1.17(0.04)
1.35 (0.01)

12,644
9,126
673
30

1.04 (0.48)
1.02 (0.74)
1.06 (0.35)
1.18(0.067)

1.09
1.07
1.11
1.24

543 ±
488 ±
58.2 ±
2.60 ±

44
78
5.2
0.15

766 ±
782 ±
60.1 ±
3.0 ±

74
89
4.8
0.15

1,069
942
71.0
3.57

7,731
6,842
673
20

95,270 ±
84,362 ±
8,410 ±
445 ±

79,120
74,470
7,413
366

±
±
±
±

BMI-adjusted

CAD group

±
±
±
±

(0.82)
(0.78)
(0.24)
(0.013)

1.06
1.06
1.19
1.42

(0.29)
(0.27)
(0.03)
(0.003)

(0.16)
(0.31)
(0.11)
(0.03)

Data are means ± SE or odds ratio (P). Odds ratio: the relative odds of being in the CAD rather than the non-CAD group for a 20% increase
in the post-glucose load pancreatic (3-cell secretory product.
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was normal in both groups, IGT was frequently seen on
glucose tolerance testing. IGT was found in 25% of the
non-CAD group and 28% of the CAD group. Despite the high
prevalence of glucose handling abnormalities, the incidence
of family history of diabetes was low.
P-cell secretory products. Results of the logistic regression analysis of IRI, INS, PI, and C-peptide values are
summarized in Tables 2 and 3. The results from all logistic
regression analyses are presented as the relative change in
odds ratio when the odds of being in the premature CAD
group are compared with the odds of being in the non-CAD
group for a 20% increase in the corresponding p-cell secretory product or product ratio. The logistic regression analysis was conducted for fasting and postglucose 2-h, peak, and
AUC curve values. Pancreatic P-cell secretory products
correlated significantly with BMI (P < 0.0001 for each p-cell
product). Therefore, obesity was assessed as a confounding
factor and included as such in a multivariable logistic
regression model.
Fasting measures. The levels of insulin and proinsulin were
high for both CAD and non-CAD groups. Table 2 presents the
statistical results of comparing the odds of being in the
reference, non-CAD, or premature CAD groups for a 20%
increase in each of the pancreatic p-cell secretory products.
The corresponding P value is also reported. Patients who had
a 20% increase in insulin or proinsulin had a higher chance of
being in the premature CAD or non-CAD groups when
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TABLE 4
Fasting proinsulin concentration in relation to insulin and C-peptide
Logistic regression analysis
Non-CAD vs. reference

PI/INS
P17(PI + INS)
Pl/C-peptide

CAD vs. reference

CAD VS. non-CAD

Reference
group

Non-CAD
group

CAD
group

Unadjusted

BMIadjusted

Unadjusted

BMIadjusted

Unadjusted

BMIadjusted

25.9 ± 4.0
17.0 ± 0.49
1.90 ± 0.13

18.5 ± 1.39
15.1 ± 0.92
1.93 ± 0.11

20.7 ± 1.52
16.6 ± 0.93
1.79 ± 0.11

0.81 (0.04)
0.85(0.19)
0.95 (0.59)

0.84 (0.08)
0.87 (0.28)
0.85(0.19)

0.89 (0.26)
0.96 (0.73)
0.91 (0.36)

0.91 (0.33)
0.96 (0.78)
0.82 (0.11)

1.10(0.18)
1.13(0.15)
0.96 (0.65)

1.09 (0.26)
1.11 (0.23)
0.97 (0.69)

Data are means ± SE or odds ratio (P). Odds ratios compare the relative change in the odds of the two specified groups for a 20% increase
in the corresponding ratio.
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load, with the odds of having premature CAD compared with
patients of comparable age and with similar traditional CAD
risks but no detectable CAD. These observations suggest that
hyperinsulinemia and hyperproinsulinemia appear to be
more a function of a cluster of risk markers than a finding
specifically associated with premature CAD.
A 20% increase in C-peptide, which is cosecreted in a 1:1
ratio with insulin, was significantly associated with higher
odds of being in the premature CAD and non-CAD groups
when compared with the lean laboratory reference group. It
was the only P-cell secretory product in this study that was
DISCUSSION
Twenty-five years after the suggestion that insulin may significantly associated with higher odds of being in the CAD
promote the development of atherosclerosis (22), vigorous group when compared with the non-CAD group, both fasting
debate persists as to the role of pancreatic [3-cell products and after the glucose load. C-peptide was not reported in the
and the atherogenesis of CAD (4,8). The association of prospective Paris, Helsinki, and Busselton studies. Discorhyperinsulinemia with premature atherosclerosis also has dance between results for insulin versus C-peptide may
been reported in people with and without diabetes (23). The reflect differences in hormone distribution and metabolism
strength of this relationship, however, has been question- in vivo (25) or possibly differences in assay performance. The
able, relying on poorly defined patient groups, a variety of liver removes a large and variable fraction of insulin from
postprandial measures (1-3), and decreased statistical sig- portal blood but only negligible amounts of C-peptide. Henificance after adjustment for obesity. Prospective and ret- patic extraction of insulin is saturable and thought to be
rospective epidemiological studies count ischemic events largely insulin receptor-mediated (26). Hence, there may be
but do not account for possible silent ischemia in the normal differences in secretion, which are obscured in the insulin
control subjects. In three major prospective clinical studies, concentrations by variability in distribution space and/or
significantly higher insulin levels were observed at different clearance.
times in each study: 1-h postload insulin levels in the
Proinsulin has been suggested as an alternative P-cell
Busselton Study (3), 2-h postload insulin levels in the Hel- hormone promoting risk for CAD (12). This hormone comsinki Policemen Study (24), and the fasting but not 2-h monly is produced in excess in NIDDM subjects (15). Alpostload insulin level in the Paris Prospective Study (2).
though none of the patients in this study had diabetes,
This study analyzed the relationship of pancreatic p-cell absolute proinsulin concentrations were high in both the
products to CAD status in both men and women <55 years CAD and non-CAD groups. But, as with insulin, proinsulin
old without diabetes, comparing carefully documented pa- concentrations correlated with BMI (P < 0.0001 both fasting
tient groups with premature CAD and non-CAD control and 2-h postload), consistent with obesity-related changes
groups with known traditional CAD risk factors. A 20% accounting for much of the increase. Hence, while fasting
increase in insulin or proinsulin was significantly associated proinsulin concentrations were high, they were not disprowith higher odds of being in either the CAD and non-CAD portionately increased in relation to either insulin or Cgroups when compared with the reference group of 27 mixed peptide. There was no statistically significant association
lean and obese normal volunteers. The association between between any of the ratios of proinsulin to either insulin or
(3-cell products and the CAD and non-CAD groups compared C-peptide and the odds of being in the premature CAD group
with the reference group was explained, in part, by obesity. when compared with the non-CAD or reference groups.
Mean BMI was 29 kg/m2 in the CAD patients and 31 kg/m2 in Because the metabolism of proinsulin is similar to that of
the non-CAD group compared with 26 kg/m2 in the labora- C-peptide (27-29), we infer from fasting Pl/C-peptide ratios
tory reference sample. As in other reports, there was a strong that the ratio of proinsulin secretion to insulin secretion did
correlation of insulin levels with BMI, both fasting (P < not significantly differ among these study groups. Likewise,
0.0001) and 2-h postload (P < 0.003). After adjustment for based on the fasting PI(PI + INS) ratio, we do not suspect a
obesity, the association of pancreatic p-cell secretory prod- statistically significant association of the proportion of proucts with the odds of being in a particular group disappeared. insulin versus insulin to which most target tissues are
Additionally, no significant association was noted between exposed with the odds of having premature CAD when
INS and IRI, either in the fasting state or after the glucose compared with being a non-CAD subject. These findings are

C-peptide was the only (3-cell secretory product that for all
post-glucose load measurements was statistically associated with the odds of being in the CAD group compared with
the non-CAD group.
Relative proinsulin. Ratios of fasting PI to insulin or PI to
C-peptide in plasma are presented in Table 4. There was no
consistent statistical association between the ratios when
the odds of being in the CAD group versus the non-CAD
group were compared, either unadjusted or BMI-adjusted.
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chart review, few, if any, of our patients met the criteria for
the cardiological syndrome X (atypical chest pain, objective
evidence of ischemia with stress testing on an ECG and/or
thallium study, and normal coronary arteries at catheterization), making this an unlikely case for the observed hyperinsulinemia.
In summary, hyperinsulinemia and hyperproinsulinemia
are common in both male and female nondiabetic patients
with premature CAD. However, elevation of these hormones
appears equally prevalent in patients with traditional CAD
risk factors but no detectable coronary atherosclerosis.
Increased INS values did not discriminate between the odds
of being in either the premature CAD or the non-CAD group.
Few p-cell secretory abnormalities were specifically associated with the risk of premature CAD. Only proinsulin was
associated with the risk of premature CAD, but this was
restricted to the postglucose measurements and was of
borderline statistical significance. Both the CAD and nonCAD populations were obese, which may explain, at least in
part, the high prevalence of insulin resistance and pancreatic
(3-cell secretory product elevations. It appears that hyperinsulinemia tends to cluster with the factors described in the
insulin resistance syndrome, and obesity appears as a common link with the measured hormonal-metabolic abnormalities. From our case-control data, the hypothesis that insulin
and proinsulin are independent promoters or markers of
atherosclerosis remains questionable. While pancreatic
P-cell secretory hormones may be necessary for development of premature CAD, none is sufficient for the production
of atherosclerosis. Rather, the combination of hyperinsulinemia and hyperproinsulinemia along with other CAD risk
factors and a genetic predisposition may be needed for the
development of early-onset atherosclerosis.
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this might not have clinical importance, since statistical
significance was borderline and was observed only after
adjustment for BMI.
Some previous studies indicate that proinsulin conversion
intermediates may be associated with risk of CAD (12). The
assay method used in this study does not separate proinsulin
conversion intermediates from proinsulin. Rather, we report
"proinsulin-like material," which comprises both intact proinsulin and the des-31,32-proinsulin split product. The des64,65-proinsulin conversion intermediate was assessed using
a different antiserum (18D), but it appears in negligible
amounts and with immunoreactivity not found to be different
among groups (data not shown).
The high prevalence of obesity and IGT was remarkable in
both premature CAD (48%) and non-CAD (60%) groups. The
obesity pattern was of the central (abdominal) type with a
WHR of 0.88 in the CAD and 0.86 in the non-CAD groups. IGT
was detected in both non-CAD and premature CAD groups
(25 and 28%, respectively). This is significantly greater than
the prevalence of IGT reported in the general population
(11.2%) (30).
There are several limitations to this case-control study that
may affect the data and its interpretation. As with most
case-control studies, there may be undetected confounding
variables and biases. The selection process for the control
group without CAD may have introduced bias due to the
strict inclusionary criteria requiring either a negative results
on cardiac catheterization or a normal thallium exercise test.
The advantage of this selection process was to exclude
control subjects who might have unrecognized silent ischemic heart disease. The disadvantage, however, was that our
normal subjects without CAD included patients from the
clinic or hospital with suspicion of CAD who had either
atypical chest pain, an abnormal rest or stress electrocardiogram (ECG), and >1 major CAD risk factor. This resulted in
recruiting patients who were likely to be obese with hyperinsulinemia and its associated factors. To compensate for the
selection process, we included for comparison results from
an additional reference volunteer nonhospital nondiabetic
population. Another limitation of the case-control approach
is that while the design clearly distinguishes subjects with
premature CAD from those without premature CAD, there is
no longitudinal follow-up and, thus it remains unknown
whether our hyperinsulinemic control subjects without CAD
are likely to develop CAD in the future. It could be speculated, for example, that early-onset CAD is dependent on
hyperlipidemia, a family history of CAD, and diabetes,
whereas pancreatic (3-cell secretory hormones potentially
have increased importance for atherosclerosis later in life.
One other explanation for the hyperinsulinemia in the
non-CAD group could be inclusion of normal subjects with
chest pain and normal coronary arteries, the cardiological
syndrome X. Recent studies have noted the high prevalence
of hyperinsulinemia in this group with an overlap of several
of the features of the endocrine syndrome X (31,32). Upon
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