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Are Major Risk Factors for Myocardial Infarction the Major Predictors
of Degree of Coronary Artery Disease in Men?

Gerald B. Phillips, Bruce H. Pinkernell, and Tian-Yi Jing

lthough numerous cross-sectional studies have reported associations of hypertension, hypercholesterolemia, diabetes,

moking, and/or obesity with the presence of coronary artery disease (CAD), correlations of these risk factors for myocardial

nfarction (MI) with the degree or progression of CAD have been less consistent. Nevertheless, these risk factors are generally

ssumed to be major determinants not only of MI, but of the degree of CAD as well. The present study is an attempt to

valuate the relationship of major risk factors for MI to degree of CAD. From 182 men who underwent diagnostic coronary

rteriography, the 154 with CAD were selected for study. These 154 patients were divided into 2 groups, those with

ypertension, hypercholesterolemia, diabetes, smoking, and/or obesity (n � 121) and those with none of these risk factors

n � 33). The mean degree of CAD in the group with risk factors for MI (44.4%) and in the group without (50.6%) was not

ignificantly different (P � .15); nor was the increase in CAD with age augmented by the presence of these risk factors. On

ultiple regression analysis, none of these risk factors was associated with degree of CAD. Three other variables that were

onsidered in this study, age, high-density lipoprotein-cholesterol (HDL-C), and free testosterone (FT), did show an indepen-

ent association with degree of CAD. These findings, together with the findings of previous studies from other laboratories,

aise the possibility that in men selected for coronary arteriography, age, HDL-C, and FT may be stronger predictors of degree

f CAD than are blood pressure, cholesterol, diabetes, smoking, and body mass index (BMI).
2004 Elsevier Inc. All rights reserved.
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LTHOUGH A population-based prospective study to
tablish risk factors for coronary artery disease (CA

sing arteriography to determine degree of stenosis cann
thical reasons be done, numerous cross-sectional arter
hy studies have reported correlations of one or more m
isk factors for myocardial infarction (MI) with the presence
AD. That hypertension, hypercholesterolemia, diab
moking, and obesity would not be expected to be a res
AD suggests that they are prospective for CAD as well a
I, and they have generally been assumed to be not
rospective factors, but major determinants of CAD. How

hese risk factors correlate with degree of CAD, however, is
lear. Most of the studies that have reported correlations o
r more major risk factors for MI with degree rather than
resence of CAD have included patients both with and wit
AD in the analysis, and correlations may have been ach
nly by the inclusion of patients categorized as having no C

n studies where patients without CAD were excluded from
nalysis, correlations of major risk factors for MI with deg
f CAD have been less consistent.1-7 These studies suggest t
hile a major risk factor for MI may correlate with the pr
nce of CAD, it may correlate weakly or not all in a do
esponse manner, ie, with degree of CAD, and thus may n

major predictor of degree of CAD or a major contributo
he development of CAD. Consistent with this suggestion
ongitudinal studies which have shown no relationship betw
rogression of CAD and the level of risk factors for MI.8-12

The present cross-sectional study was performed in a
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empt to investigate further the relationship of major risk
ors for MI to degree of CAD. To determine whether individ
isk factors correlated with degree rather than with just p
nce of CAD, patients without CAD were excluded. Of 1
en, the 154 men with CAD on coronary arteriography w
ivided into 2 groups, 1 with major risk factors for MI,
ypertension, hypercholesterolemia, diabetes, smoking, a
besity (n� 121) and the other with none of these risk fac
n � 33). The degree of CAD and its relationship to age w
etermined in each group and the results compared. The

ionship of these risk factors to CAD was further analyzed
ultiple regression. Three other variables, age, high-de

ipoprotein-cholesterol (HDL-C), and free testosterone (
hich had correlated with degree of CAD in a previous st

rom this laboratory,13 were also evaluated.

PATIENTS AND METHODS

A total of 182 men undergoing diagnostic coronary arteriograph
he Cardiac Catheterization Laboratory of Roosevelt Hospital
tudied. The patients had been referred for evaluation of ches
yndromes and/or abnormal stress tests and were selected ran
xcept for the exclusion of those with a major medical disorder o

han coronary heart disease or its risk factors. This project wa
roved by the Institutional Review Board of St. Luke’s-Roose
ospital Center and written informed consent was obtained.
In 28 of the patients, no CAD could be detected. To determin

ossible correlation of risk factors for MI with degree rather than
resence of CAD, these 28 patients were excluded from the ana
o investigate the possible effect on CAD of hypertension, hype

esterolemia, diabetes, smoking, and/or obesity, major risk facto
I, the 154 patients who had CAD were divided into 2 gro
ccording to whether or not they had any of these risk factors. H

ension was defined as a blood pressure�140/90,14 hypercholestero
mia as a serum cholesterol level�240 mg/dL,15 and obesity as a bod
ass index (BMI)� 30.16 The presence of diabetes and smok
hich included current or past smoking, was determined by hist
Drug intake averaged 2.6 drugs per patient. The drugs or clas

rugs taken by 4 or more patients were ß-blockers, calcium ch
lockers, aspirin, angiotensin-converting enzyme inhibitors, diure
igoxin, isordil, anticholesterol agents, antiulcer agents, antidia

gents, and nitroglycerin.

Metabolism, Vol 53, No 3 (March), 2004: pp 324-329
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325PREDICTORS OF CORONARY ARTERY DISEASE IN MEN
Coronary arteriography was performed via the femoral artery with
reformed catheters, and arteriograms were taken using the Judkins
echnique17 with multiple views. The maximum percent reduction in
uminal diameter of the main left, left anterior descending, left circum-
ex, and right coronary artery was estimated in each patient by one of

he authors (Dr Pinkernell) without knowledge of the laboratory results.
he mean of these 4 values was used as the estimate of degree of CAD

or each patient in the statistical analyses.13

Blood samples were taken before noon with the patient fasting and
ere drawn, before heparin administration, through the needle inserted

n the femoral artery for arteriography. All measurements were per-
ormed on sera that had been stored airtight at �20°C. Materials for the
adioimmunoassay of insulin and FT (non-protein–bound testosterone)
ere obtained from Diagnostic Products, Los Angeles, CA and for the

mmunoradiometric assay of sex-hormone binding globulin (SHBG)
rom Diagnostic Systems Laboratories, Webster, TX. FT was also
etermined by calculation using the total testosterone and SHBG val-
es.18 Total cholesterol was measured enzymatically, as was the cho-
esterol in the supernatant after phosphotungstic acid precipitation of
erum in the measurement of HDL-C (DMA, Arlington, TX).

Statistical analyses were performed using SPSS version 6.1 (SPSS,
hicago, IL). Student’ s independent t test was used to compare mean
alues and and the chi-square test to compare indicator variables
etween groups. In the multiple linear regression analysis used to
etermine the relationship of risk factors for MI to CAD, CAD was the
ependent variable and major risk factors for MI the independent
ariables. Diabetes and smoking were indicator variables (0 and 1). A
-tailed P value of � .05 was considered significant.

RESULTS

To determine the relationship of hypertension, hypercholes-
erolemia, diabetes, smoking, and obesity to degree of CAD,
he 154 patients with CAD were divided into 2 groups, those
ith 1 or more of these risk factors for MI (n � 121) and those
ithout (n � 33). Comparison of the mean values of these risk

actors between the groups with and without risk factors for MI
s shown in Table 1. The mean levels of systolic blood pressure,

Table 1. Comparison of Mean Levels of Variables Between

Patients With and Without Risk Factors

Variables
Risk Factors

(n � 121)
No Risk Factors

(n � 33) P

Age (yr) 60.5 � 1.0 64.5 � 2.1 .07
Systolic blood pressure

(mm Hg) 138 � 2 123 � 2 �.001
Diastolic blood pressure

(mm Hg) 81 � 1 74 � 2 .005
Cholesterol (mg/100 mL) 213 � 5 201 � 4 .06
Diabetes (%) 29.8 0 �.001
Insulin (�U/mL) 18.9 � 1.2 12.4 � 1.1 �.001
Present or past smoker (%) 62.0 0 �.001
Body mass index (kg/m2) 27.8 � 0.4 24.9 � 0.4 �.001
HDL-C (mg/100 mL) 27.5 � 0.7 27.7 � 1.4 .94
Free testosterone (pg/mL) 16.5 � 0.5 14.6 � 1.0 .09
Calculated free testosterone

(pg/mL) 101.4 � 4.4 90.3 � 7.8 .22
CAD (% occlusion) 44.4 � 2.0 50.6 � 3.4 .15

NOTE. Values are mean � SEM.
Abbreviations: HDL-C, high-density lipoprotein-cholesterol; CAD,

oronary artery disease.
iastolic blood pressure, diabetes, smoking, and BMI, as well 0
s the mean insulin level, were significantly higher in the
atients with risk factors. Of particular interest, the mean
egree of CAD in the risk factor group and no risk factor group
as not significantly different.
Age correlated significantly with degree of CAD in both the

isk factor and no risk factor groups; these correlations are
epicted in Fig 1. A comparison of the coefficients of the
AD-age regression lines between the 2 groups showed no

ignificant difference (P � .74). Thus, these risk factors
howed no significant effect on the relationship of age to degree
f CAD. Because the difference in mean cholesterol levels
etween the 2 groups was of marginal significance (P � .06),
he 33 patients of the no risk factor group were compared with
he 31 patients of the risk factor group who had a cholesterol
evel � 240 mg/dL. The mean cholesterol level of this risk
actor subgroup was 279 mg/dL. Although the mean cholesterol
evels of this subgroup and the no risk factor group were now
ignificantly different (P � .001), neither the mean levels of the
egree of CAD (P � .36) nor the coefficients of their CAD-age
egression lines (P � .99) were significantly different. The
ean degree of CAD in the 14 patients with past smoking as

he only risk factor was 47.4%; assigning these patients to the
o risk factor group did not significantly affect the results.
able 2 shows the mean degree of CAD according to the
umber of risk factors present; no significant relationship was
bserved. Because certain risk factors may be stronger than
thers, the mean degree of CAD (46.2%) in the 67 patients with
ncreased blood pressure and/or diabetes was compared with
hat (50.6%) of the 33 patients with no risk factors and found
ot to be significantly different.
Multiple regression analysis was performed on the 154 pa-

ients with CAD using degree of CAD as the dependent vari-
ble and age and the levels of the individual risk factors for MI
s the independent variables (Table 3, Model 1). Only age
howed an independent association with CAD, while blood
ressure, cholesterol, diabetes, smoking, and BMI showed no
ignificant association with CAD. When age and group were
ntered into a multiple regression model, with the group en-
ered as an indicator variable coded as 1 for presence of risk
actors and 0 for not present, again only age was significantly
ssociated with CAD (Table 3, Model 2). Thus, age showed a
ignificant independent association with CAD, while the major
isk factors tested singly or as a group showed no significant
ssociation with CAD. Insulin substituted for diabetes in Model
was also not significantly associated with CAD (P � .17). In
test for a possible confounding effect of drug intake, all 11

rugs or classes of drugs taken by 4 or more patients were
dded to Model 1 of the multiple regression as indicator vari-
bles; again age (P � .003), but not the other risk factors for
I, was significantly associated with degree of CAD.
The possibility exists that an effect of these risk factors on

egree of CAD might have been found had a larger sample size
een used. To address this issue, power calculations based upon
he observed slopes and standard errors of the multivariate
odel were performed and showed that the number of subjects

equired for an 80% chance of detecting a significant effect,
ith the exception of age, ranged from 781 for cholesterol and
,442 for diabetes to over 10,000 for the other risk factors (� �

.05). Thus, in this study, only cholesterol and diabetes may be
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326 PHILLIPS, PINKERNELL, AND JING
ealistically viewed as possible determinants of the degree of
AD and their effect, if it existed, was weak.
The mean levels of age and HDL-C in the risk factor and no

isk factor groups were not significantly different (Table 1).
he mean level of FT also was not significantly different
etween the 2 groups (Table 1). When the 11 patients taking
igoxin, which may affect the testosterone level,19,20 were
emoved, the FT levels were 16.3 � 0.5 and 14.7 � 1.0 pg/mL
P � .15) in the risk factor and no risk factor groups, respec-
ively. On adding HDL-C to the independent variables in the
ultiple regression of Table 3, Model 1, only age (P � .001)

nd HDL-C (P � .021) were significantly associated with
egree of CAD. On adding HDL-C and FT to the independent
ariables in the multiple regression of Model 1 (Table 3, Model
) and Model 2 (Table 3, Model 4), only age, HDL-C, and FT

Fig 1. Correlation between age and degree of CAD in patients (A)

ith risk factors for MI and (B) without risk factors for MI.

Table 2. Mean Degree of CAD According to Number

of Risk Factors in 154 Men With CAD

Risk Factors (no.) Patients (no.) CAD (% occlusion)

0 33 50.6 � 3.8
1 55 46.4 � 3.1
2 43 42.5 � 3.3
3 21 42.8 � 4.7
4 2 45.6 � 10.6
5 0 -

NOTE. Values are mean � SEM.

CAbbreviations: CAD, coronary artery disease.
ere significantly associated with degree of CAD. When the
alculated FT values were substituted for the measured FT
alues in Model 3, again only age (P � .004), HDL-C (P �
044), and FT (P � .001) were significantly associated with
egree of CAD.
Because age may function as a time factor through which a

isk factor could exert an effect, the multiple regression anal-
ses shown in Table 3 were repeated with age excluded. The
nly significant associations of CAD were with HDL-C (P �
016) and FT (P � .001) in Model 3 and with HDL-C (P �
018) and FT (P � .001) in Model 4. The multiple regression
nalyses were also repeated with the inclusion of the 28 pa-
ients who were categorized as having no CAD, for a total of
82 patients. CAD was significantly associated only with age
P � .001) in Models 1 and 2, with age (P � .001), cholesterol
P � .013), HDL-C (P � .003), and FT (P � .003) in Model
, and with age (P � .001), HDL-C (P � .004), and FT (P �
009) in Model 4.

DISCUSSION

When the 154 patients with CAD were divided into 2 groups
ccording to whether or not they had hypertension, hypercho-
esterolemia, diabetes, smoking, and/or obesity, the degree of
AD and its increase with age were no greater in the group
ith than in the group without these major risk factors for MI.
urthermore, in the multiple regression analysis, none of these
isk factors was signficantly associated with the degree of

Table 3. Multiple-Regression Analysis of Relationship

of CAD to Risk Factors for MI in 154 Men

Independent Variables
Standardized
Coefficents P

Model 1
Age 0.3225 �.001
Systolic blood pressure 0.0183 .817
Cholesterol 0.1005 .216
Diabetes 0.0732 .361
Smoking 0.0037 .964
Body mass index �0.0257 .749

Model 2
Age 0.2880 �.001
Group* 0.0739 .347

Model 3
Age 0.2131 .013
Systolic blood pressure 0.0083 .913
Cholesterol 0.1327 .090
Diabetes 0.0547 .477
Smoking �0.0126 .873
Body mass index �0.0639 .410
HDL-cholesterol �0.1567 .047
Free testosterone �0.2474 .002

Model 4
Age 0.1879 .020
Group* 0.0579 .447
HDL-cholesterol �0.1506 .054
Free testosterone �0.2272 .005

*Hypertension, hypercholesterolemia, diabetes, smoking, obesity.
AD; nor were they associated with the degree of CAD when
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327PREDICTORS OF CORONARY ARTERY DISEASE IN MEN
ge was not included in the model or when the groups were
ntered as indicator variables into the model.

The absence of a statistical effect of these risk factors for MI
n the degree of CAD in the present study does not mean that
o effect exists. The lack of an association between a risk factor
nd degree of CAD could be the result of a single measurement
f the risk factor not being representative of the prospective
evel, measurement error, a drug effect, and/or insufficient
tatistical power. With regard to measurement error, the values
or degree of CAD, the variable where the largest measurement
rror might be expected, were validated by the correlation
etween degree of CAD and age. With regard to a possible drug
ffect, inclusion of drug intake in the multiple regression model
id not result in any associations between risk factors and
egree of CAD. With regard to statistical power, power calcu-
ations on the data indicated that any effect of the risk factors
or MI on degree of CAD, if it existed, would have been weak.
ndeed, in a study of 9,502 men with CAD, where in a stepwise
inear regression analysis, age, sex, cholesterol, diabetes, years
f smoking, and hypertension did enter into the regression
quation, in that order, these variables together accounted for
nly 7% of the variability (r2 � .07) in extent of CAD (with no
ariable contributing �3%); for severity of CAD, r2 was �
05.21 That in our group of only 154 men we found significant
nd independent associations of 3 variables, age, HDL-C, and
T, with degree of CAD suggests that while hypertension,
ypercholesterolemia, diabetes, smoking, and obesity may be
redictors of degree of CAD, they may not be the major
redictors.
The findings of this study may be unexpected. However,

ecause population-based or prospective arteriographic studies
annot be done, the assumption that risk factors for MI are also
isk factors for CAD has not been confirmed. Moreover, the
ndings of this study are consistent with other cross-sectional
tudies on the relationship of risk factors for MI to degree of
AD where patients with no CAD were excluded.1-7 Similar

esults were obtained in studies of aortic atherosclerosis and its
rogression in elderly men22 and intima-media thickness of the
ommon carotid artery in drug-free obese men.23 The findings
re also consistent with studies on progression of CAD in
hich hypertension, hypercholesterolemia, diabetes, smoking,

nd obesity, and also hypertriglyceridemia, present at initial
xamination showed no relationship to the rate of progression
f CAD in patients who had a second arteriogram months to
ears later.8-12 Of particular interest, the incidence of CAD
rogression was at least as great in the patients whose risk
actors for MI had improved by the time of the second arterio-
ram as in those whose risk factors had become more abnor-
al.12 The risk factor HDL-C was not measured in these

rogression studies.8-12

That these major risk factors for MI may not be the major
redictors of degree of CAD in men selected for coronary
rteriography would appear to be at odds with the reported
trong relationships of certain of these risk factors with CAD.
or example, there is no question that men with diabetes have
n increased incidence of CAD, and this association is reflected
n the present study in which 23.4% of the 154 patients had
iabetes. However, in the present study, where all of the pa-

ients had CAD, the degree of CAD was no greater in the m
atients with diabetes, with or without the other risk factors,
han in the patients with none of these risk factors. This finding
uggests that the abnormal glucose and insulin levels of diabe-
es may have had little or no relationship to the degree of CAD,
nd it is consistent with the difficulty in finding a relationship
etween diabetes control and the macrovascular disease of
iabetes.24 The finding suggests instead that the glucose abnor-
ality, ie, diabetes, may have been a marker in the present

tudy for 1 or more other factors that were equally present in
oth groups and that were related to the degree of CAD. Two
f these other factors could be FT and HDL-C, each of which
as present to equal degree in the patients with and without
iabetes, each of which was associated independently and
nversely with degree of CAD, and each of which has been
eported to be decreased in men with diabetes.25-28 Of interest,
ecreased FT29 and total testosterone30 in men have been
eported to be prospective for diabetes. Thus, men prone to
evelop CAD may also be prone to develop diabetes, and this
ommon propensity may explain the association of diabetes
ith CAD.
The findings of the present study would also appear to

onflict with the findings of the prospective, randomized, con-
rolled intervention trials which were performed to determine
he effect on CAD progression of lowering a risk factor for MI.
hose trials, which have apparently all been directed at cho-

esterol lowering, have generally resulted in a small (1% to 2%
ver 2 to 3 years), but statistically significant decrease in CAD
rogression.31 The use of diet, as well as various drugs, in those
tudies makes it difficult to determine which factor(s) may have
een responsible for this decrease, but more specific cholesterol
owering with 3-hydroxy-3-methylglutaryl coenzyme A
HMG-CoA) reductase inhibitors has produced similar re-
ults.32-34 Of interest, however, is the observation that the
tudies using HMG-CoA reductase inhibitors were performed
argely in patients with mean cholesterol levels above the
opulation average.35 When the cholesterol level was lowered
o a similar degree using HMG-CoA reductase inhibitors in
ormocholesterolemic patients with CAD, no effect on CAD
rogression was found.36 It has been suggested that reduction in
ardiovascular events with cholesterol lowering by HMG-CoA
eductase inhibitors may result from effects other than on
egree of atherosclerosis.37,38 Thus, plasma cholesterol at high
evels may augment CAD, as supported by the marked increase
f CAD in patients with familial hypercholesterolemia,39 but
ay contribute little, if at all, to the development of CAD at the

holesterol levels at which most MIs occur.35 Therefore, in the
ale population as a whole, there may be no conflict between

he findings of this study and those of the intervention studies.
Because risk factors for MI may correlate with the presence

f CAD, but less strongly or not at all with degree of CAD, it
s possible that they correlate with the presence of CAD by way
f other factors and are linked to CAD by those other factors
ather than independently. On the basis of this and our previous
tudy,13 3 factors are proposed that could be determinants of
egree of CAD and could link risk factors for MI to CAD; they
re age, HDL-C, and FT. Each of these factors was indepen-
ently associated with degree of CAD in the multiple regres-
ion analysis, and there is evidence linking each of them to

ajor risk factors for MI. For example, risk factors for MI may



i
w
t
t
i
o
d
c
f
d
r
b
t
p
f
t

w
e
s
b
a
c
a
f
H
a
a
i

t
C
a
p
a
a
c
s
a
b
a
m
l
a
m

t
s
t
d
m
m
i
d

t
a

a
r

a

c

l
r

B
A

a
i
7

p
A

a
n
A

c

328 PHILLIPS, PINKERNELL, AND JING
ncrease or develop with age and, therefore, their correlations
ith CAD may be confounded by age. The one factor reported

o correlate strongly with progression of CAD was time be-
ween arteriographies10,12 (HDL-C and FT were not measured
n these studies). The inverse correlation of HDL-C with degree
f CAD together with the low level of HDL-C both in men with
iabetes and with obesity28 could provide a link explaining the
orrelations between presence of CAD and these latter 2 risk
actors for MI. Finally, the inverse association of FT with
egree of CAD together with the low level of testosterone
eported in men with hypertension, hypercholesterolemia, dia-
etes, or obesity40 and the decrease in risk factors for MI with
estosterone administration in men41 suggest that FT could also
rovide a link explaining the correlation between risk factors
or MI and presence of CAD. FT in men has also been found
o correlate negatively with age and positively with HDL-C.13

That the mean degree of CAD was similar in both the group
ith and the group without hypertension, hypercholesterol-

mia, smoking, diabetes, and/or obesity in the present study
uggests that causative factors for CAD were equally present in
oth groups. That the mean values of age, HDL-C, and FT were
lso similar in both groups and that these variables were asso-
iated with degree of CAD suggests that they could be caus-
tive factors for CAD, as well as factors linking major risk
actors for MI to CAD. There is evidence implicating age,
DL-C, and FT as possible causative factors for CAD. That

ging may be causative is suggested by the demonstration of an
ging process in arteries.42,43 However, the marked variability

n degree of CAD between individuals of the same age (Fig 1), C
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