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Background: The warm-up phenomenon observed after the second of two sequential exercise tests
is characterized by an increased time to ischemia and ischemic threshold, and the latter is related to
ischemic preconditioning. Previous studies have demonstrated that a single dose of glibenclamide, a
cardiac ATP-sensitive K (KATP) channel blocker, prevents ischemic preconditioning. This study aimed
to investigate the effects of chronic treatment with glibenclamide during two sequential exercise tests.

Methods: Forty patients with angina pectoris were divided into three groups: 20 nondiabetics
(NDM), 10 patients with diabetes in treatment with glibenclamide (DMG) and 10 diabetic patients
with other treatments (DMO). All patients underwent two consecutive exercise tests.

Results: Heart rate and rate-pressure product at 1.0 mm ST-segment depression significantly in-
creased during the second exercise test in NDM group (121.3 ± 16.5 vs 127.3 ± 15.3 beats/min,
P < 0.001, and 216.7 + 43.1 vs 232.1 ± 43.0 beats·min−1·mmHg·102, P < 0.001), and in DMO
group (114.1 ± 19.6 vs 119.6 ± 18.1 beats/min, P = 0.001, and 199.8 ± 36.6 vs 222.2 ± 29.2
beats·min−1·mmHg·102, P = 0.019), but it did not change in patients in DMG group (130.7 ± 14.5
vs 132.1 ±14.7 beats/min, P = ns, and 251.7 ± 47.2 vs 250.3 ± 42.8 beats·min−1·mmHg·102, P =
ns). In the three groups, NDM, DMO, and DMG, the time to 1.0 mm ST-segment depression during
the second exercise test was greater than during the first (225.0 ± 112.5 vs 267.0 ± 122.3 seconds,
P = 0.006; 187.5 ± 54.0 vs 226.5 ± 74.6 seconds, P = 0.029 and 150.0 ± 78.7 vs 186.0 ± 81.9
seconds, P < 0.001).

Conclusion: The chronic use of glibenclamide may have mediated the loss of preconditioning ben-
efits in the warm-up phenomenon, probably through its KATP channel-blocker activity, but without
acting upon the tolerance to exercise. A.N.E. 2005;10(3):356–362
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The warm-up phenomenon, described in patients
with more severe angina during initial effort that
decreases in intensity in a subsequent exercise, is
observed after the second of two sequential exer-
cise tests1–4 and characterized by an increase of
both time to ischemia and ischemic threshold; and
the last one is due, at least in part, to a mecha-
nism similar to that involved in limiting experimen-
tal infarct size following a brief ischemic episode,
i.e., ischemic preconditioning.2–5 This hypothesis
is supported by the observation that myocardial
oxygen consumption is reduced during the sec-
ond of two sequential exercise tests, suggesting in-
creased metabolic efficiency, a feature of precon-
ditioning.2 Although the mechanisms of ischemic
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preconditioning are multiple and not fully estab-
lished, the opening of cardiac KATP channels is be-
lieved to be crucial for the occurrence of ischemic
preconditioning.6–9

Non–insulin-dependent diabetes mellitus
(NIDDM) accounts for about 85% of all cases of
diabetes mellitus, and has been reported to be an
important risk factor for cardiovascular morbidity
and mortality.10–12 Up to now, oral hypoglycemic
drugs, in particular sulfonylurea derivates, have
represented the backbone of NIDDM therapy for
the last decades.13,14 The sulfonylurea derivates
exert their insulinotropic effect by closing the
so-called KATP channel.13,14 Interestingly, the
UDPG-study observed an increased cardiovascular
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mortality among patients with NIDDM treated by
tolbutamide versus those treated by diet alone.15

Moreover, smaller studies have also suggested a
harmful effect of sulfonylurea derivatives on the
outcome of myocardial infarction.16–18

Although these two phenomena may appear un-
related, we hypothesized that blockers of KATP
channels, such as the sulfonylurea drugs, can in-
duce loss of ischemic preconditioning. Thus, in or-
der to establish the role played by KATP channels in
the warm-up phenomenon, we assessed the effects
of glibenclamide, a KATP channel blocker, in pa-
tients with stable angina and documented coronary
artery disease, undergoing two sequential treadmill
exercise tests.

METHODS

Patients

Forty patients, out of 90 patients of MASS II
(Medical, Angioplasty and Surgical Study)19 who
underwent treadmill exercise test between July
1999 and July 2000 and had positive exercise test,
were selected because they met this criteria: sta-
ble angina pectoris, ejection fraction >40% on
echocardiography, and at least one critical stenosis
(internal diameter reduction >70% by visual assess-
ment) in the proximal two-thirds of one major epi-
cardial coronary artery. All patients were in sinus
rhythm and without evidence of left ventricular hy-
pertrophy or conduction defects, which could inter-
fere with the interpretation of ST-segment changes,
and none of the patients was taking digitalis. Ni-
trate preparations, other than sublingual nitroglyc-
erin and calcium entry blocking agents, were with-
drawn 4 days before the study, and β-blocking
agents 5 days before.

Every patient had cineangiography in the pre-
vious year, and two independent cardiologists an-
alyzed the results. Venous blood samples for the
measurement of fasting plasma glucose levels was
obtained at the day of protocol.

The patients were divided into three groups ac-
cording to the presence of diabetes mellitus and the
type of treatment to diabetes: 20 patients without
diabetes mellitus (NDM group); 10 patients with
diabetes and in use of glibenclamide in the last 6
months: 8 patients on 10 mg per day, 1 patient on 15
mg per day, and 1 patient on 20 mg per day (DMG
group); and 10 patients with diabetes in use of other
treatments: 5 with diet, 4 with diet and metformin

therapy, and 1 with diet and insulin therapy (DMO
group). All patients gave written informed consent
for participation in the study, which was approved
by the local Ethics Committee.

Exercise Test

All patients underwent two consecutive,
computer-assisted treadmill exercise tests, using
the Bruce protocol, with a recovery period of 30
minutes between the tests to reestablish baseline
electrocardiographic conditions. A standard 12-
lead electrocardiogram was obtained in standing
position at baseline, at peak exercise, and at 6
minutes after the exercise. Twelve electrocar-
diographic leads were continuously monitored
before, during, and after exercise. The level of
the ST segment, 0.08 seconds after the J point,
was calculated after signal averaging by means of
a computer-assisted system (FUKUDA DENSHII
CO. LTD. Model ML 8000 stress test system,
Tokyo, Japan) in all 12 leads. Values thus cal-
culated were printed out, along with the heart
rate, against time in trend format. This provided
measurement of the ST-segment level with an
accuracy of 0.1 mm.

Criteria for interrupting the test were: (1) ST-
segment depression ≥3 mm, (2) maximal age-
related heart rate, (3) severe chest pain, (4) physi-
cal exhaustion, and the occurrence of other harmful
conditions such as hypotension, severe arrhythmia,
and dyspnea. Myocardial ischemia was diagnosed
when a horizontal or downsloping ST-segment de-
pression of 1.0 mm at 80 ms from the J point
was observed in at least one lead. Electrocardio-
graphic recordings of all tests were evaluated inde-
pendently in a blind fashion by two cardiologists;
in case of disagreement, the matter was resolved
by consensus.

The following parameters were measured: rest-
ing heart rate and blood pressure; heart rate, blood
pressure, and rate-pressure product (heart rate ×
systolic blood pressure) at the onset of 1.0 mm ST-
segment depression and at peak exercise; maximal
ST-segment depression; exercise duration in sec-
onds, and time in seconds to onset of 1.0 mm ST-
segment depression.

Statistical Analysis

The paired Student’s t-test was used to com-
pare eletrocardiographic data during repeated ex-
ercise tests in the same group. Comparisons of the
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continuous variables between the three groups
were performed by analysis of variance, which
detected significant differences; pairwise compar-
isons were made using the Bonferroni correction
for multiple testing. The discrete variables among
the three groups were analyzed using chi-square
test. Data were expressed as mean values ± 1SD;
P values <0.05 were considered statistically signif-
icant.

RESULTS

Clinical Characteristics

No differences were detected among the three
groups, NDM, DMO, and DMG, as to the use of an-
tiischemic drugs and their discontinuation before
the test: β-blocking agents (85%, 90%, and 90%,
P = 0.891), calcium entry blocking agents (65%,
50%, and 80%, P = 0.363), nitrate preparations
(85%, 70%, and 70%, P = 0.519).

Comparative analysis among the three groups,
NDM, DMO, and DMG, did not show differences
in mean age (59.8 ± 11.6, 65.8 ± 9.5, and 61.0
± 9.9 years, P = 0.361), male gender (85%, 70%,
and 60%, P = 0.301), previous myocardial infarc-
tion (20%, 10%, and 20%, P = 0.751), hyperten-
sion (55%, 60%, and 50%, P = 0.904), smoking
(35%, 10%, and 40%, P = 0.222). The mean blood
glucose showed significant differences among the
three groups (P < 0.001). Analysis between DMG
and DMO groups did not show any significant dif-
ference (174.9 ± 44.1 and 149.7 ± 47.8 mg/dL, P =
ns); but there were significant differences between
DMG and NDM groups (174.9 ± 44.1 and 96.6 ±
8.6 mg/dL, P < 0.05), and between DMO and NDM

Table 1. Results of Two Sequential Tests in NDM Group (Mean ± SD)

Test 1 Test 2 P

Baseline
Heart rate (beats/min) 79.6 ± 15.7 82.6 ± 13.1 0.183
Systolic blood pressure (mmHg) 153.1 ± 22.3 149.9 ± 19.7 0.381
Rate-pressure product (beats·min−1·mmHg·102) 121.9 ± 31.4 122.2 ± 25.6 0.959

At 1.0 mm ST-segment depression
Heart rate (beats/min) 121.3 ± 16.5 127.3 ± 15.3 <0.001
Rate-pressure product (beats·min−1·mmHg·102) 216.7 ± 43.1 232.1 ± 43.0 <0.001
Time (s) 225.0 ± 112.5 267.0 ± 122.3 0.006

Peak exercise
Heart rate (beat/min) 133.9 ± 15.8 137.4 ± 14.1 0.017
Rate-pressure product (beats·min−1·mmHg·102) 251.6 ± 49.1 261.3 ± 48.0 0.047
Exercise duration (s) 337.6 ± 135.7 355.1 ± 136.5 0.009
ST-segment depression (mm) 1.8 ± 0.5 1.7 ± 0.5 0.630

groups (149.7 ± 47.8 and 96.6 ± 8.6 mg/dL, P <

0.05).
The average time since the last dose of gliben-

clamide in the DMG group was 14 ± 9 hours.

Exercise Tests

Comparative analysis of baseline characteristics
among the three groups, NDM, DMO, and DMG,
did not show differences in systolic blood pressure
(153.10 ± 22.30, 162.20 ± 13.60, and 164.80 ±
21.30 mmHg, respectively, P = 0.270); but showed
differences in resting heart rate (P = 0.024). Analy-
sis between DMO and DMG groups showed signif-
icant differences (75.10 ± 19.60 and 95.00 ± 15.20
beats/min, P < 0.05), but did not show any signif-
icant difference between NDM and DMO group
(79.60 ± 15.70 and 75.10 ± 19.60 beats/min, P =
ns) and between NDM and DMG groups (79.60 ±
15.70 and 95.00 ± 15.20 beats/min, P = ns).

NDM Group

The main results of the two exercise tests in
NDM group are summarized in Table 1. All patients
achieved 1.0 mm ST-segment depression during the
two tests. Heart rate and rate-pressure product at
rest were similar during the first and the second
tests.

Both heart rate and rate-pressure product at
1.0 mm ST-segment depression were significantly
higher during the second test than during the first
(P < 0.001). Similarly, heart rate and rate-pressure
product at peak exercise were significantly higher
during the second than the first test (P = 0.017 and
0.047, respectively).
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Time to 1.0 mm ST-segment depression during
the second test was significantly longer than during
the first test (P = 0.006), and exercise duration had
the same behavior (P = 0.009).

No difference was found in maximal ST-segment
depression at peak exercise between the first and
second tests.

DMO Group

The main results of the two exercise tests in the
DMO group are summarized in Table 2. All patients
achieved 1.0 mm ST-segment depression during the
two tests. Heart rate and rate-pressure product at
rest were similar during the first and second tests.

Heart rate and rate-pressure product at 1.0 mm
ST-segment depression were significantly higher
during the second test than during the first test
(P = 0.001 and P = 0.019, respectively). Similarly,
heart rate and rate-pressure product at peak ex-
ercise were significantly higher during the second
than during the first test (P = 0.007 and 0.006, re-
spectively).

Time to 1.0 mm ST-segment depression during
the second test was significantly longer than during
the first test (P = 0.029), and exercise duration had
the same behavior (P = 0.046).

There was no difference in maximal ST-segment
depression at peak exercise between the first and
second tests.

DMG Group

The main results of the two exercise tests in the
DMG group are summarized in Table 3. All patients
achieved 1.0 mm ST-segment depression during the

Table 2. Results of Two Sequential Tests in DMO Group (Mean ± SD)

Test 1 Test 2 P

Baseline
Heart rate (beats/min) 75.1 ± 19.6 77.9 ± 18.0 0.122
Systolic blood pressure (mmHg) 162.2 ± 13.6 159.3 ± 13.6 0.306
Rate-pressure product (beats·min−1·mmHg·102) 121.4 ± 32.4 123.7 ± 29.9 0.441

At 1.0 mm ST-segment depression
Heart rate (beats/min) 114.1 ± 19.6 119.6 ± 18.1 0.001
Rate-pressure product (beats·min−1·mmHg·102) 199.8 ± 36.6 222.2 ± 29.2 0.019
Time (s) 187.5 ± 54.0 226.5 ± 74.6 0.029

Peak exercise
Heart rate (beats/min) 125.1 ± 19.8 130.3 ± 17.6 0.007
Rate-pressure product (beats·min−1·mmHg·102) 232.8 ± 27.0 247.1 ± 23.9 0.006
Exercise duration (s) 327.1 ± 72.8 358.3 ± 103.3 0.046
ST-segment depression (mm) 1.8 ± 0.6 1.6 ± 0.6 0.199

two tests. Heart rate and rate-pressure product at
rest were similar during the first and second tests.

Heart rate and rate-pressure product at 1.0 mm
ST-segment depression did not show any differ-
ences between the first and second tests. Similarly,
heart rate and rate-pressure product at peak exer-
cise did not reveal any differences from the first to
second test.

Time to 1.0 mm ST-segment depression during
the second test was significantly longer than dur-
ing the first test (P < 0.001), exercise duration
was longer in the second test than in the first, but
this difference was not statistically significant (P =
0.057).

There was no difference in maximal ST-segment
depression at peak exercise between the first and
second tests.

Figures 1 and 2 display heart rate and rate-
pressure product behavior in the three groups,
NDM, DMO, and DMG.

DISCUSSION

This study was carried out in patients with stable
angina who were separated according to the pres-
ence or absence of diabetes mellitus, and to its treat-
ment, either with glibenclamide or others; patients
underwent two consecutive exercise tests, which
showed: (1) an improvement of the ischemic thresh-
old during the second exercise test in the NDM
and DMO groups, but no such improvement in the
DMG group and (2) enhanced exercise tolerance
during the second exercise test in the three groups.

The warm-up phenomenon was associated with a
reduction in myocardial oxygen consumption, thus
suggesting that the same mechanism involved in
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Table 3. Results of Two Sequential Tests in DMG Group (Mean ± SD)

Test 1 Test 2 P

Baseline
Heart rate (beats/min) 95.0 ± 15.2 98.3 ± 12.8 0.154
Systolic blood pressure (mmHg) 164.8 ± 21.3 164.6 ± 25.6 0.973
Rate-pressure product (beats·min−1·mmHg·102) 157.6 ± 36.0 161.5 ± 31.8 0.450

At 1.0 mm ST-segment depression
Heart rate (beats/min) 130.7 ± 14.5 132.1 ± 14.7 0.298
Rate-pressure product (beats·min−1·mmHg·102) 251.7 ± 47.2 250.3 ± 42.8 0.838
Time (s) 150.0 ± 78.7 186.0 ± 81.9 <0.001

Peak exercise
Heart rate (beats/min) 142.9 ± 14.8 144.2 ± 14.2 0.064
Rate-pressure product (beats·min−1·mmHg·102) 292.0 ± 43.4 286.9 ± 32.7 0.480
Exercise duration (s) 282.4 ± 89.9 301.1 ± 101.0 0.057
ST-segment depression (mm) 2.0 ± 0.7 1.9 ± 0.7 0.423

limiting experimental infarct size following a brief
ischemic episode, i.e. ischemic preconditioning,2–4

might have occurred. Of note, the time course be-
tween the first and second test, 30 minutes, is con-
sistent with that of ischemic preconditioning, as it
lasts no longer than 60—120 minutes.3,4,20,21

In this study, the variables analyzed, heart rate
and rate-pressure product at 1.0 mm ST-segment
depression and at peak of exercise, represent objec-
tive, non-invasive indexes of the ischemic thresh-
old, i.e., of oxygen consumption at the onset of is-
chemia.22 The other variables, such as the time to
1.0 mm ST-segment depression and the duration of
exercise, are due to a training effect caused by pe-
ripheral mechanisms,23,24 and may be influenced
by the subjective attitude of the patient.

Thus, we can conclude that the chronic use of
glibenclamide abolished the improvement of is-
chemic threshold during the second exercise test,
but did not interfere with the tolerance to exer-
cise.3,4 In particular, these findings seem to confirm
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Figure 1. Mean values of heart rate (beats/min) at rest, at 1.0 mm ST-segment depression, and at peak of exercise.
∗P < 0.05 (exercise test 1 vs 2).

that at least one component of the warm-up phe-
nomenon is due to ischemic preconditioning, and
indicated that KATP channels are involved in such
component.

It has been postulated that the opening of the
KATP channels is responsible for the shortening of
action potential duration observed during ischemia
and the consequent reduction in Ca2+ influx that
may lead to reduced myocardial contractility, va-
sodilatation, and sparing of ATP.25,26 Then, the
blockers of KATP channels can induce loss of is-
chemic preconditioning.25

Two previous studies demonstrated that only one
dose of glibenclamide in nondiabetic patients27 and
in diabetic patients who were not using gliben-
clamide28 could abolish the ischemic precondition-
ing in two sequential stress tests. Although the
dose used in these studies was similar to the dose
used in the clinical practice, we cannot extrap-
olate these results to patients in chronic use of
glibenclamide.
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Figure 2. Mean values of rate-pressure product (beats·min−1·mmHg·102) at rest, at 1.0 mm ST-segment depression,
and at peak of exercise. ∗P < 0.05 (exercise test 1 vs 2).

Apparently, the plasma concentrations of these
drugs are sufficiently high to close KATP chan-
nels in the pancreas, but there are no evidences
of this same effect in cardiovascular channels.
In vitro, glibenclamide concentrations as low as
0.01 µmol/L (≈5 ng/mL) were able to reduce the
vascular relaxation induced by the KATP channel
opening drug pinacidil.29 In patients with NIDDM,
treated with glibenclamide, plasma concentrations
may reach levels above 300 ng/mL. Although
the free drug concentrations are probably much
lower because sulfonylurea derivates are exten-
sively protein-bound,13 the free plasma concentra-
tion may still be sufficient to interact with cardio-
vascular KATP channels.

In our study, the median time between the last
dose of glibenclamide and the first stress test was 14
hours, this drug has elimination half time of about
10 hours and an effective duration of action of up
to 24 hours.14

The results of our study suggest that diabetic pa-
tients exposed to a long-term treatment with gliben-
clamide could not be functionally protected by is-
chemic preconditioning at the time of acute my-
ocardial infarction, and this finding may be helpful
in explaining the excess mortality from cardiovas-
cular causes observed in diabetic patients on sul-
fonylureas in the UGPD15 and BARI30 trials, and
the worse outcome of patients on sulfonylureas at
the time of acute myocardial infarction.16–18

This study has some limitations. First, the dif-
ferences in heart rate at rest among the groups
may have influenced the results. Although the rest-
ing heart rate was significantly different between
DMO and DMG groups, there were no significant

differences between NDM and DMG groups, and
between DMO and NDM groups. Second, we can-
not rule out that glibenclamide may have prevented
the improvement in ischemic threshold during the
second test through reduction of ischemic vasodi-
latation by blockade of KATP channels in vascular
smooth muscle;31 however, if this were the case, we
should have seen more severe ischemic changes in
the DMG group during the first exercise test.

Finally, these evidences suggest that gliben-
clamide should be used carefully in patients with
coronary artery disease and diabetes mellitus, or
if possible be shifted to insulin or a new genera-
tion sulfonylurea with a specific effect on pancre-
atic KATP channels.
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