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OBJECTIVE — Endothelium-dependent coronary dilation is impaired in diabetic patients
and has been found to independently predict cardiovascular events (CVEs) in patients with
multiple coronary risk factors. The aim of this study was to evaluate the outcome of type 2
diabetic patients on the basis of epicardial coronary dysfunction.

RESEARCH DESIGN AND METHODS — We examined 56 control subjects (aged
51.7 � 6.4 years) using coronary artery response to the cold pressor test (quantitative coronary
angiography) and compared them with 72 type 2 diabetic patients (aged 50.3 � 8.5 years)
without other major coronary risk factors.

RESULTS — Average diameter change was 17.2 � 10.4% in the control subjects, dilation
occurred in 91.1% of subjects, no change occurred in 8.9%, and there was no constriction.
Average diameter change was �14.4 � 12.1% in diabetic patients (P � 0.001 vs. control
subjects), constriction occurred in 73.6%, no change occurred in 26.4%, and there was no
dilation. CVEs were recorded with a mean follow-up of 45 � 19 months. There was 1 CVE in the
control group and 26 CVEs in 18 of 72 diabetic patients (P � 0.001 vs. control subjects), with
23 events in 16 of 53 diabetic patients with coronary artery constriction (P � 0.001 vs. control
subjects), and 3 events in 2 of 19 diabetic patients with no diameter change (NS vs. control
subjects).

CONCLUSIONS — In type 2 diabetic patients without other major coronary risk factors,
constriction of angiographically normal coronary arteries to the cold pressor test is predictive of
long-term CVEs.
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In diabetic patients, coronary athero-
sclerosis develops earlier than in other
subjects and accounts for excessive

morbidity and mortality (1). Because it is
well established that the endothelium
plays a key role in the regulation of vas-
cular tone and the development of athero-
sclerosis (2), it has been suggested that
endothelial dysfunction could be a pre-
dictor of cardiovascular risk (3). It has
been shown that endothelium-dependent
epicardial coronary artery vasodilation in
response to acetylcholine (4) or physio-
logical stimuli (5) is impaired in diabetic
patients, suggesting that endothelial dys-
function occurs before the development
of overt atherosclerosis. Recently, coro-
nary endothelial dysfunction, evidenced
by intracoronary acetylcholine, has been
demonstrated to be an independent pre-
dictor of cardiovascular events (CVEs) in
patients with coronary artery disease
(6–8) and patients with coronary risk fac-
tors (8). The cold pressor test (CPT),
which activates the sympathetic nervous
system, induces dilation of coronary ar-
teries in control subjects and constriction
of atherosclerotic coronary arteries
(6,9,10). In diabetic patients, CPT has
been shown to induce coronary artery
constriction (5), which may reflect endo-
thelial dysfunction.

The purpose of the present study was
to evaluate the ability of the epicardial
coronary response to the CPT to predict
CVEs in type 2 diabetic patients with an-
giographically normal coronary arteries
and no other major risk factors.

RESEARCH DESIGN AND
METHODS — The study population
was comprised of 56 control subjects and
72 type 2 diabetic patients undergoing di-
agnostic coronary arteriography between
October 1994 and May 2000 because of
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symptoms suggestive of angina, and/or an
equivocal treadmill exercise test or single-
photon emission computed tomography
stress thallium scintigraphy. We excluded
patients with other major coronary risk
factors, including arterial hypertension,
total cholesterol serum level (without
treatment or with lipid-lowering therapy)
�5.70 mmol/l (220 mg/dl) or LDL cho-
lesterol �3.70 mmol/l (143 mg/dl),
smoking, obesity (BMI �30 kg/m2), fam-
ily history of premature coronary artery
disease (defined as a first-degree relative
aged �60 years with clinical evidence of
coronary atherosclerosis), aged �65
years, and postmenopausal women with-
out substitutive hormonal therapy. Pa-
tients with recent myocardial infarction,
unstable angina, valvular heart disease,
and atrial fibrillation were also excluded.
None of the diabetic patients were insulin
treated (13 sulfonylurea, 14 biguanide,
21 �-glucosidase inhibitor, 14 sulfonyl-
urea � biguanide, and 10 biguanide �
�-glucosidase inhibitor), and all included
patients were free of cardiovascular med-
ication with the exception of short-acting
nitrates, which were withdrawn the day
before the investigation. All patients had
normal left ventricular dimensions, mass,
and systolic function, assessed by two-
dimensional and M-mode echocardiogra-
phy (11,12). Inclusion in the study was
made with the consensus of two experi-
enced investigators on immediate review

of the angiograms whenever coronary ar-
teries were angiographically normal with-
out luminal irregularities. The study
protocol was approved by an institutional
review committee.

Patients were studied in the fasting
state and no premedication was adminis-
tered. Hemodynamic measurements and
a left coronary angiogram (baseline) were
recorded 15 min after diagnostic coro-
nary arteriography. Five minutes later,
the CPT was performed. The patient’s
hands were immersed in ice water for
120 s, and the data were recorded imme-
diately before removal of the hands from
the ice water. At the end of the protocol,
endothelium-independent coronary ar-
tery dilation was studied using intracoro-
nary injection of a bolus of 2 mg
isosorbide dinitrate.

Quantitative coronary arteriography
Measurement of the left anterior descend-
ing coronary artery diameter was per-
formed by a previously validated
technique (13). The accuracy of the tech-
nique was 3.6 � 0.5% (means � SD) and
the precision 2.4 � 0.9%. The maximum
error between the actual and the calcu-
lated diameter was equal to �5.7% (R2 �
0.994). A segment of the guiding catheter
filled with saline was placed close to the
center of the image and used as a scaling
device for calibration before beginning
the procedure. Each angiogram was ana-

lyzed at random without knowledge of
the sequence (baseline, CPT, and isosor-
bide dinitrate).

Long-term follow-up
Cardiovascular events were defined as
sudden cardiac death, myocardial infarc-
tion, and stable and unstable angina doc-
umented by coronary arteriography,
coronary angioplasty or surgical revascu-
larization, stroke, and transient ischemic
attack. For patients who were followed in
the institution, hospital medical records
were reviewed concerning the occurrence
of cardiac events. Patients who were not
followed in the institution were contacted
by telephone. The study group was
formed after exclusion of six patients
(four control subjects and two diabetic
patients) because follow-up could not be
obtained.

Statistical analysis
All data are means � SD. Differences
between the groups for clinical and bio-
logical characteristics and basal hemody-
namic parameters were compared with
the nonparametric Mann-Whitney test.
Differences between baseline and CPT he-
modynamic parameters were compared
with paired Student’s t test. Comparisons
between coronary artery dimensions at
baseline, during CPT, and after intracoro-
nary isosorbide dinitrate were made by
two-way ANOVA with repeated measures
for the experimental condition factor, fol-
lowed by the Fisher protected least-
significance difference test. The differences
between the groups for CVE were ana-
lyzed using Pearson’s �2 test. Cumulative
event rates were evaluated by Kaplan-
Meier survival curves. Probability values
for survival curve comparisons were cal-
culated with the log-rank statistic. The
potential effect of therapy and patient
variables were analyzed using Cox regres-
sion techniques. Statistical significance
was assumed when P was �0.05.

RESULTS — The mean follow-up was
45 � 19 months (range 27–68). Patient
characteristics are summarized in Table 1,
which shows that there were no differ-
ences between the two groups for age,
lipid profile, BMI, or echocardiographic
parameters. However, the LDL-to-HDL
ratio was higher in diabetic patients than
in control subjects (2.17 � 0.33 vs.
1.80 � 0.24, respectively, P � 0.05). Cre-
atinine clearance was estimated using the

Table 1—Clinical characteristics of the study group

Control subjects Diabetic patients

n 56 72
Age (years) 51.7 � 6.4 50.3 � 8.5
Sex (male/female) 45/11 38/34*
Mean duration of diabetes (years) — 10.7 � 8.4
HbA1c (%) — 6.9 � 1.4
BMI (kg/m2) 26.1 � 5.3 26.7 � 4.6
Heart rate (bpm) 72 � 10 77 � 13
Systolic blood pressure (mmHg) 124 � 10 136 � 11†
Diastolic blood pressure (mmHg) 79 � 7 83 � 8
Total cholesterol (mmol/l) 5.10 � 0.52 5.35 � 0.57
Triglycerides (mmol/l) 1.35 � 0.20 1.44 � 0.38
HDL cholesterol (mmol/l) 1.73 � 0.45 1.54 � 0.38
LDL cholesterol (mmol/l) 3.12 � 0.42 3.34 � 0.45
End-diastolic diameter (mm) 51.2 � 4.3 49.8 � 5.7
Fractional shortening (%) 39.3 � 5.5 37.5 � 5.9
Left ventricular mass index (g/m2) 87 � 12 90 � 14
Creatinine clearance (ml/min) 111 � 14 104 � 21

Data are means � SD. End-diastolic diameter, fractional shortening, and left ventricular mass index denote
left ventricular echocardiographic measurements. *P � 0.001, †P � 0.05 vs. control subjects.
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Cockcroft-Gault formula (14) and was
similar in the two groups. The proportion
of women was significantly higher in the
diabetic group, and systolic pressure, al-
though within the normal range accord-
ing to the Joint National Committee on
Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure recom-
mendations at the date of inclusion of the
patients, was slightly higher in diabetic
patients than in control subjects. Twelve
control subjects and 43 diabetic patients
were receiving a lipid-lowering therapy
(statin, gemfibrosil, or fibrate).

CPT and coronary artery changes
The hemodynamic changes during CPT
were comparable in both groups. Aortic
pressures increased significantly in both
groups. Although heart rate did not in-
crease in diabetic patients and was slightly
increased in control subjects, rate-
pressure product increase was compara-
ble in both groups (Table 2).

The coronary artery responses to the
CPT were defined as dilation (change
�6%), no change (change ��6%), and
constriction (change ��6%). These val-
ues were chosen according to the highest
error reported in the validation tech-
nique, i.e., 5.7%, a change in vessel diam-
eter being defined as a minimum 6%
variation. Values of coronary artery diam-
eter throughout the procedure are pro-
vided in Table 3, which shows that
baseline diameters were similar in dia-
betic patients and control subjects.

In control subjects, dilation occurred
in 51 of 56 subjects, and no change oc-
curred in 5 of 56 subjects. Constriction
was never observed in these subjects (Fig.
1). Constriction was, however, observed
in most of the diabetic patients (53 of 72);
in 19 of 72 diabetic patients no diameter
change was observed, and none of the pa-

tients showed significant dilation. The av-
erage diameter change (Fig. 1) was
significantly higher (17.2 � 10.4%) in
control subjects than in diabetic patients
(�14.4 � 12.1%). According to the re-
sponse, diabetic patients were divided
into two groups, those with no change
constituted group 1 (n � 19, average di-
ameter change 2.7 � 4.3%), and those
with constriction constituted group 2
(n � 53, average diameter change
�19.8 � 5.6%).

An intracoronary injection of isosor-
b ide din i t ra te , an endothe l ium-
independent coronary artery dilator,
showed comparable results in all the
groups (Fig. 1): 26.4 � 11.8% in control
subjects, 24.9 � 14.3% in diabetic pa-
tients, 25.2 � 11.4% in group 1, and
23.5 � 12.7% in group 2.

Cardiovascular events during follow-
up
Cardiovascular events are summarized in
Table 4. In control subjects, only one
transient ischemic attack was observed.
Comparing the number of subjects with
events, results show that CVEs were sig-
nificantly higher in diabetic patients (26
for 18 patients) (Fig. 2). Frequency of
CVE was not different in group 1 (three in
two patients) and control subjects. Con-

versely, the frequency of CVEs was signif-
icantly higher in group 2 (23 in 16
patients) than in control subjects (Fig. 2).
In addition, the most severe and acute
CVEs (stroke, sudden cardiac death, un-
stable angina, and myocardial infarction)
were observed only in group 2. Analysis
of the cumulative proportion of CVE-free
survivals shows that in diabetic patients
with constriction, the incidence of events
was significantly higher than in control
subjects (Fig. 2), as opposed to diabetic
patients without constriction. Moreover,
the first CVE occurred 19 months after
the inclusion in group 2 and 44 months
after inclusion in group 1. Finally, there
was a trend toward more constriction of
coronary arteries in the 18 patients with
(�22.7 � 14.9%) than in the 54 patients
without (�13.5 � 12.7%) CVEs.

On the other hand, none of the con-
trol subjects had cardiac events (Table 3
and Fig. 3), whereas the patients in group
2 had most of them (16 in 11 patients)
compared with group 1 (2 in 1 patient)
(Fig. 3). The analysis of the cumulative
proportion of cardiac event–free survivals
shows that in group 2, the number of car-
diac events was significantly higher than
in control subjects, and the first cardiac
event occurred 27 months after inclusion.
Conversely, in group 1, the number of
cardiac events was comparable to control
subjects, and the first one occurred after a
57-month delay (Fig. 3).

The Cox regression analysis shows that
the CVE rate differed between group 2 and
control subjects while adjusting for differ-
ences in baseline clinical characteristics
(age, sex, BMI, arterial pressure, and lipid
profile). On the other hand, there was no
difference between the clinical characteris-
tics of the two groups of diabetic patients
(age, sex, BMI, arterial pressure, lipid pro-
file, duration of diabetes, and HbA1c). Last,
the frequency of use of the different classes
of antidiabetic (sulfonylureas, biguanides,

Table 2—Hemodynamic data during the procedure

Control subjects Diabetic patients

Baseline CPT Baseline CPT

Heart rate (bpm) 70 � 13 77 � 15* 76 � 15 78 � 19
Aortic systolic

pressure (mmHg)
126 � 13 158 � 21* 135 � 19 168 � 16*

Mean aortic pressure
(mmHg)

97 � 8 124 � 13* 102 � 12 134 � 15*

Rate-pressure product
(bpm � mmHg/102)

90.2 � 17.9 120.1 � 18.5* 101.4 � 20.1 132.6 � 19.3*

Data are means � SD. *P � 0.001 vs. baseline.

Table 3—Coronary artery diameters (mm) during the procedure

Baseline CPT Isosorbide dinitrate

Control subjects (n � 56) 3.62 � 0.42 4.24 � 0.48* 4.58 � 0.45*
Diabetic patients (n � 72) 3.51 � 0.45 3.00 � 0.37* 4.38 � 0.68*
Diabetic patients with no change

(group 1, n � 19)
3.52 � 0.41 3.64 � 0.42 4.41 � 0.57*

Diabetic patients with constriction
(group 2, n � 53)

3.47 � 0.46 2.80 � 0.36* 4.29 � 0.73*

Data are means � SD. *P � 0.001 vs. baseline.

Cardiovascular events in type 2 diabetes

210 DIABETES CARE, VOLUME 27, NUMBER 1, JANUARY 2004



and �-glucosidase inhibitors) and lipid-
lowering agents was not different in these
two groups, and there was no difference in
the duration of diabetes.

CONCLUSIONS — The main find-
ings of the present study conducted on type
2 diabetic patients with angiographically
normal coronary arteries is that coronary ar-
tery constriction induced by CPT is predic-
tive of CVEs and cardiac events. Because
CPT-induced coronary constriction has
been demonstrated to be due to endothelial
dysfunction in patients with risk factors
(5,10,15,16), patients with other major
confounding factors have been excluded
from this study, which clearly demonstrates
the role played by type 2 diabetes per se. In
addition, this study shows that response to
nonpharmacological testing achieved dur-
ing coronary angiography, which does not
require intracoronary Doppler measure-
ments, can be predictive of CVEs in diabetic
patients.

CPT response as a witness of
coronary endothelial dysfunction
In normal subjects, the CPT induces sym-
pathetic stimulation (17), thus increasing
heart rate, arterial blood pressure (9,10),
and myocardial oxygen demand. En-
hanced myocardial metabolic demand re-

sults in an increase in coronary blood flow
and dilation of epicardial coronary arter-
ies (18). Dilation of coronary arteries is
endothelium dependent and mainly due
to the release of nitric oxide secondary to
the stimulation of �2-adrenoceptors lo-
cated on endothelial cells (19) and to
flow-dependent dilation (20,21). Thus,
the endothelium facilitates vasodilation of
both resistance and large coronary vessels
(22,23). Conversely, CPT constricts ath-
erosclerotic coronary arteries (9,24) as
well as both coronary arteries and micro-
circulation in patients with risk factors
but normal arteries (5,10,25,26).

In this study, CPT induced constric-
tion of epicardial coronary arteries in
most diabetic patients, whereas the mag-
nitude of dilation of the arteries of control
subjects was comparable to that reported
in other studies (9,24). The resistance of
the coronary arteries to relaxing in dia-
betic patients could be caused by endo-
thel ia l dysfunct ion so that flow-
dependent dilation is blunted and reveals
adrenergic vasoconstriction. It has been
suggested that oxidative stress, which is
increased in diabetes (27), can depress
endothelium-mediated dilation by inacti-
vation of nitric oxide (28). Indeed, an
antioxidant agent could restore endothe-
lium-dependent dilation in diabetes
(5,29,30). On the other hand, it has been
shown that there was a failure of coronary
blood flow to adequately increase in dia-
betic patients because of impaired meta-
bolic microvascular dilation (26,31),
which could mask the ability of epicardial
arteries to dilate in the absence of flow
velocity increase. In the present study,
coronary blood flow was not measured,
and we cannot conclude whether the im-
pairment of coronary artery dilation was

Figure 1—A: Types of responses of left anterior descending coronary artery to the CPT in the
study population. B: Diameter changes in each group of patients in response to the CPT and
intracoronary isosorbide dinitrate.

Table 4—Cardiovascular events during follow-up

Control subjects

Diabetic patients

Group 1 Group 2

n 56 19 53
Sudden cardiac death 0 0 1
Myocardial infarction 0 0 3
Unstable angina 0 0 3
Stable angina 0 1 3
Coronary angioplasty 0 1 4
Surgical revascularization 0 0 2
Stroke 0 0 4
Transient ischemic attack 1 1 3
Total events 1 3 23
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primarily due to large vessel dysfunction
or the consequence of the absence of cor-
onary blood flow increase due to micro-
vascular dysfunction. However, it must
be pointed out that even when flow-
dependent dilation is abolished, coronary
arteries do not constrict (5,32). Thus,
whatever the mechanism, constriction of
epicardial arteries in diabetic patients re-
flects an endothelial dysfunction. Then
again, lipid-lowering therapy is known to
affect endothelial function and restore
normal dilation in hypercholesterolemic
patients. In our study, we have not found
differences between patients taking lipid-
lowering therapy and the other subjects at
baseline in the control group, where no
patient evidenced coronary artery con-
striction to the CPT, and in the two dia-
betic subgroups, where the proportion of
patients taking lipid-lowering therapy
was comparable in both groups (12 of 19
in group 1 and 31 of 53 in group 2). Fi-

nally, because the rate-pressure product
was similarly increased in control subjects
and diabetic patients (Table 2), a lower
metabolic stimulus cannot explain the
coronary constriction in the latter.

Because coronary artery diameter
changes in response to an exogenous do-
nor of nitric oxide, isosorbide dinitrate,
were comparable in control subjects and
the two groups of diabetic patients, an im-
paired responsiveness of underlying vas-
cular smooth muscle cells or structural
changes of the vascular wall can also be
ruled out.

Prediction of CVEs in type 2 diabetic
patients
Recent studies have provided conflicting re-
sults about cardiovascular risk in type 2 di-
abetes. Haffner et al. (33) have shown that
diabetic patients without myocardial infarc-
tion have as high a risk of coronary death as
nondiabetic patients with prior myocardial

infarction. However, Evans et al. (34) con-
cluded that type 2 diabetic patients were at
lower risk for CVEs than patients with cor-
onary artery disease. Thus, prediction of
CVE with special attention to major cardiac
events is an important challenge in type 2
diabetic patients, who are frequently
asymptomatic. Although the exercise stress
test and thallium-201 single-photon emis-
sion computed tomography have been
demonstrated to be predictive in high-risk
patients (35), there is no information about
what happens in diabetic patients before the
development of coronary atherosclerosis.

In view of recent studies that have
shown that coronary endothelial dysfunc-
tion could be a predictor of CVEs (6–8),
we selected diabetic patients with angio-
graphically normal coronary arteries and
without any other major risk factor, and
we used CPT, a very simple method, to
study the endothelial function of large
coronary vessels by quantitative angiogra-
phy. Our findings, which are based on a
follow-up period of 45 � 19 months,
show that in diabetic patients with coro-
nary constriction, only 67.9% remained
free of CVE, whereas 89.5% of diabetic
patients without coronary constriction re-
mained free of CVE (one patient devel-
oped a stable angina that required
angioplasty). Moreover, major events
were observed only in patients with cor-
onary constriction (stroke, sudden car-
diac death, unstable angina, and
myocardial infarction). Comparable re-
sults have been reported in patients with
mild coronary artery disease or with nor-
mal coronary arteriography, whose epi-
cardia l ar ter ies and/or coronary
microcirculation constricted in response
to acetylcholine (7,8), a method that re-
quired intracoronary Doppler and intra-
coronary injection of acetylcholine.

The predictive value for CVE of con-
striction of the epicardial coronary arter-
ies to CPT or to acetylcholine has been
shown to be comparable in patients with
coronary artery disease (6). Our results
confirm that CPT is a reliable method for
testing endothelial function and that it
may reveal endothelial dysfunction.

In our study, endothelium-indepen-
dent response to isosorbide dinitrate was
normal and comparable in all of the
groups (Fig. 2) and could not serve as a
predictor of CVE. These results are at vari-
ance with those of Schächinger et al. (6),
but similar to those in other studies (7,8).
This discrepancy might be due to the se-

Figure 2—A: Proportion of patients with CVEs in each group of the study population. B: Propor-
tion of patients free of CVEs in the different groups (Kaplan-Meier analysis, log-rank P value).

Cardiovascular events in type 2 diabetes

212 DIABETES CARE, VOLUME 27, NUMBER 1, JANUARY 2004



verity of coronary atherosclerosis in the
first study, whereas we have studied pa-
tients free of angiographically visible le-
sions.

Because the endothelium also plays
an important role in the control of throm-
bogenesis, platelet activity, vascular
hypertrophy and remodelling, the inflam-
matory process, lipid deposition, accu-
mulat ion of foam cel l s , and the
development of lipid plaques (2), our data
suggest that type 2 diabetic patients with
endothelial dysfunction develop athero-
sclerosis more rapidly, even when diabe-
tes is treated. However, we were unable to
show any difference between the different
classes of antidiabetic agents, possibly be-
cause the population was too small, and
probably because most of the patients
were treated by more than one agent, and
because during follow-up the therapy was
modified to improve glycemic control,
and all of the included patients had ap-
propriate glycemic control at the end of
the study.

Study limitations
This study is retrospective and, although
the patients were carefully selected to per-
mit conclusions on the specific cardiovas-
cular risk of type 2 diabetes, the number
of patients was relatively small, and the
results remain to be confirmed by a larger
prospective study. This small number of
patients explains that, despite results
showing that the event rate was signifi-
cantly higher in group 2 than in control
subjects, the threshold of significativity
was not reached for comparison between
groups 1 and 2.

In our study, although many control
subjects and diabetic patients were receiv-
ing lipid-lowering therapy at the time of
coronary artery angiography, we consid-
ered these patients to have no cardiovas-
cular risk linked to hypercholesterolemia
because lipid fraction concentrations
were within the normal range and com-
parable in diabetic patients and control
subjects. Although it has been demon-
strated that lipid lowering could restore a

normal coronary endothelial function,
the proportion of patients with lipid-
lowering therapy was comparable in the
two groups of diabetic patients. On the
other hand, although cholesterol compo-
nents were comparable in the two groups,
the LDL-to-HDL ratio was moderately
higher in diabetic patients and might have
played a role in their increased risk. How-
ever, we did not find differences for CVEs
between patients having an LDL-to-HDL
ratio �2.00 and those with a ratio �2.00.

Although systolic pressure was
higher in our diabetic patients, at time
of the inclusion, all patients had systolic
pressure �140 mmHg and diastolic
pressure �90 mmHg, values that were
considered normal by the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High
Blood Pressure and the World Health
Organization. Nevertheless, it has been
shown that aggressive blood pressure
control in normotensive diabetic pa-
tients may prevent the development or
progression of microalbuminuria (36),
which is a cardiovascular risk factor and
linked to microvascular complications,
suggesting endothelial dysfunction, and
recommended values for diabetic pa-
tients have been lowered recently. How-
ever, we do not think that arterial
pressure in our diabetic patients could
explain the differences in prognosis
with control subjects and between the
two groups of diabetic patients because
arterial pressure was not different in the
two groups of diabetic patients and the
proportion of patients with microalbu-
minuria in the two groups of diabetic
patients was the same (5 in group 1 and
11 in group 2).

Selection was based on an abnormal
exercise test and/or stress thallium scin-
tigraphy and coronary arteriography,
which represents only a small part of the
diabetic population. Because patients
with a normal exercise test and/or stress
thallium scintigraphy and patients with
an abnormal coronary arteriography
were excluded, results cannot be
extended to all diabetic patients. How-
ever, we cannot exclude angiographi-
cally undetectable atherosclerosis
because intravascular ultrasound stud-
ies (37) have shown that early coronary
atherosclerosis can be present despite
angiographically normal vessels. How-
ever, it has been shown that there was
no significant correlation between cor-

Figure 3—A: Proportion of patients with cardiac events in each group of the study population. B:
proportion of patients free of cardiac events in the different groups (Kaplan-Meier analysis,
log-rank P value).
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onary intravascular ultrasound results
and endothelium-dependent response
to acetylcholine (7). Lastly, results show
that baseline and the maximal diameter
of the coronary arteries were compara-
ble in all of the groups (Table 3). There-
fore, we think that concentric diffuse
coronary atherosclerosis can be reason-
ably ruled out.

Conclusions and clinical
implications
Endothelial dysfunction of the large cor-
onary arteries may identify a subgroup of
diabetic patients at higher risk for CVEs.
This information can be obtained by us-
ing CPT without pharmacological testing
and intracoronary Doppler. However, be-
cause coronary arteriography cannot be
used as a screening method, it would be of
interest to investigate whether similar
predictive information could be obtained
from a peripheral noninvasive study of
the endothelial function (brachial post oc-
clusive hyperemia, for example), since it
has been demonstrated that endothelial
dysfunction is detectable in first-degree
relatives of patients with type 2 diabetes
(38) and because it has been recently
shown that forearm endothelial dysfunc-
tion evidenced by intravascular acetyl-
choline might be a marker of future CVE
in hypertensive patients (39). It would
also be of interest to conduct prospective
studies on agents that improve endothe-
lial function in order to see whether they
may prevent CVE.

References
1. Nathan DM: Long-term complications of

diabetes mellitus. N Engl J Med 328:
1676–1685, 1993

2. Quyyumi AA: Endothelial function in
health and disease: new insights into gen-
esis of cardiovascular disease. Am J Med
105 (Suppl.):S32–S39, 1998

3. Vita JA, Keaney JF: Endothelial function: a
barometer for cardiovascular risk? Circu-
lation 106:640–642, 2002

4. Nitenberg A, Valensi P, Sachs R, Dali M,
Aptecar E, Attali JR: Impairment of coro-
nary vascular reserve and Ach-induced
coronary vasodilation in diabetic patients
with angiographically normal coronary
arteries and normal left ventricular sys-
tolic function. Diabetes 42:1017–1025,
1993

5. Nitenberg A, Paycha F, Ledoux S, Sachs R,
Attali JR, Valensi P: Coronary artery re-
sponses to physiological stimuli are im-
proved by deferoxamine but not by

L-arginine in non-insulin-dependent dia-
betic patients with angiographically nor-
mal coronary arteries and no other risk
factors. Circulation 97:736–743, 1998
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Just H: Modulation of coronary vasomo-
tor tone in humans: progressive endothe-
lial dysfunction with different early stages
of coronary atherosclerosis. Circulation
83:391–401, 1991

17. Robertson D, Johnson GA, Robertson RM,
Nies AS, Shand DG, Oates JA: Compara-
tive assessment of stimuli that release

neuronal and adrenomedullary cat-
echolamines in man. Circulation 59:637–
643, 1979

18. Macho P, Hintze TH, Vatner SF: Regula-
tion of large coronary arteries by increases
in myocardial metabolic demands in con-
scious dogs. Circ Res 49:594–599, 1981

19. Angus JA, Cocks TM, Satoh K: �2-Adre-
noreceptors and endothelium-dependent
relaxation in canine large arteries. Br J
Pharmacol 88:767–777, 1986

20. Drexler H, Zeiher AM, Wollschläger H,
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