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Glyburide (glibenclamide) is a specific blocker of the
adenosine triphosphate (ATP) sensitive potassium (K�)
channel. It has been reported to result in prolongation of
the QT interval. QT interval dispersion (QTd) is a poten-
tially sensitive marker for increased risk of arrhythmia
and sudden cardiac death. The aim of the present study
was to evaluate the effect of glyburide on QTd and
compare it with that of metformin, a hypoglycemic agent
that does not block the adenosine triphosphate sensitive
K� channel. Thirty patients with type 2 diabetes were
randomized to glyburide and metformin groups. A 12-
lead electrocardiogram was obtained before and at 2
months after being on glyburide or metformin. Therapy
with QT and QTd were measured and QT corrected for
rate (QTc). There was no significant difference between
the glyburide and metformin groups in age (62 � 9 vs

59 � 10 years), baseline RR interval (819 � 86 vs 753
� 100 ms), QT (387 � 28 vs 383 � 27 ms), and QTc
(433 � 25 vs 444 � 15 ms). Glyburide was associated
with a significant increase in QTc (433 � 24 to 467 � 24
ms, p <0.001), QTd (24 � 16 to 60 � 22 ms, p
<0.001), and QTc dispersion (QTcd) (35 � 18 to 68 �
21 ms, p <0.001). In contrast, metformin was associ-
ated with a decrease in QTc (444 � 15 to 432 � 15 ms,
p <0.01) and did not affect QTd (14 � 5 to 12 � 6 ms,
p � NS) and QTcd (23 � 9 to 22 � 10 ms, p � NS).
Glyburide, unlike metformin, causes an increase in QT
dispersion. Increased dispersion may be a factor under-
lying an increased risk of arrhythmias and sudden car-
diac death. �2002 by Excerpta Medica, Inc.

(Am J Cardiol 2002;90:1103–1106)

The treatment of diabetes mellitus with oral hypo-
glycemic drugs has been associated with an in-

creased cardiovascular mortality compared with the
treatment with diet alone or diet plus insulin.1 Gly-
buride (glibenclamide), one of the widely used sec-
ond-generation sulfonylurea hypoglycemic agents, is
a known specific blocker of adenosine triphosphate
(ATP) sensitive potassium (K�) channels.2 In a recent
study,3 QT interval prolongation has been reported in
patients with diabetes treated with glyburide. Because
the K� ATP channels are believed to be involved in
repolarization only during ischemia, it may be that
there are effects in nonischemic situations or in re-
gions of ongoing cardiac ischemia in patients with
diabetes. The presence of QT prolongation may be
associated with a lower threshold for malignant ven-
tricular arrhythmias and sudden cardiac death.4–7 Ad-
ditionally, regional variation in ventricular repolariza-
tion may be a marker of myocardial electrical insta-
bility and a predicator of the potential for malignant
ventricular arrhythmias.8–14 On the surface 12-lead
electrocardiogram, the regional variation in ventricu-
lar repolarization is reflected as QT dispersion (QTd)
and is measured as the difference between the maxi-

mum and minimum QT interval in the 12 leads. We
undertook a pilot study to see if glyburide prolongs
repolarization. The hypothesis was that glyburide, be-
ing a blocker of K� ATP channels, would result in an
increase in QT dispersion, which may suggest a potential
physiologic explanation of the potential adversity of oral
hypoglycemic agents of the sulfonylurea type.

PATIENTS AND METHODS
Patients: Patients in this study were newly diag-

nosed men with diabetes who had failed diet therapy
for 6 months and then placed on either glyburide or
metformin (15 patients in each) with the dosage ad-
justed for glycemic control assessed by hemoglobin
(Hb)A1C. No patient was receiving insulin or combi-
nation therapy. This study was approved by the insti-
tutional review board. Patients with left bundle branch
block or atrial fibrillation and those on diuretics, dig-
italis, � blockers, antiarrhythmic drugs, or any other
agents that could potentially affect the QT interval
were excluded from the study. No patient had a prior
myocardial infarction, but further evaluation for cor-
onary artery disease was not undertaken.

Electrocardiographic measurements: The 12-lead
surface electrocardiograms (ECG) were recorded at
the paper speed of 25 mm/s. The RR intervals, QT
intervals, and QT corrected for rates (QTc) from the
surface 12-lead ECGs before the initiation of oral
hypoglycemic agents (baseline) and after 2 months of
therapy with the respective oral hypoglycemic agents
were evaluated. The ECGs were all recorded in the
morning at approximately the same time to account
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for diurnal variation. The ECGs were analyzed by 2
observers who were blinded to the sequence of the
ECGs, as well as to the drug the patient was taking. A
Hipad Digitizer (TTYO2, Houston Instruments, Hous-
ton, Texas) was used to make the measurements in an
attempt to reduce observer error and increase stan-
dardization of the measurements. The QT interval was
measured from the beginning of the Q wave to the end
of the T wave. When a U wave was present, the end of
the T wave was determined by drawing a tangent to
the descending limb of the T wave to where it inter-
sects the baseline. The QTd was calculated in absolute
value by subtracting the shortest QT from the longest
QT (QTd � QTmax � QTmin). This value was con-
verted into a percentage (%QTd) by correcting QTd
for the shortest QT interval and multiplying by 100
(%QTd � [{QTmax � QTmin/QTmin} � 100]). The
QT interval was also corrected for the heart rate by
using Bazett’s formula (QTc � QT/�RR) and a cor-
rected QT dispersion (QTcd) was calculated by sub-
tracting the shortest QTc from the longest QTc (QTcd
� QTcmax � QTcmin). A QTcd percentage was
calculated as (%QTcd � [QTcmax � QTcmin/
QTcmin] � 100). All ECGs had �10 of 12 leads
measurable to be counted in the data analysis.

Statistical analysis: The continuous variables were
expressed as mean � SD and analyzed by Student’s t

test. The categorical variables were expressed as per-
centages and analyzed using chi-square statistics or
Fisher’s exact test, as appropriate. Analysis of vari-
ance was used to assess correlation between HbA1C
and QTd. A 2-tailed p value of �0.05 was considered
to be significant. The statistical analyses were per-
formed using computer software (SPSS, version 7.0;
SPSS Inc., Chicago, Illinois).

RESULTS
There were no significant differences between the

glyburide and metformin groups in the age of patients
(62 � 9 vs 59 � 10 years, p � NS), baseline RR
intervals (819 � 86 vs 753 � 100 ms, p � NS), QT
intervals (387 � 28 vs 382 � 27 ms, p � NS), and
QTc intervals (433 � 25 vs 444 � 15 ms, p � NS). At
baseline, the metformin group had lower HbA1C (met-
formin 8.2 � 0.7 vs glyburide 10 � 1.6 mmol/L, p
�0.01), as well as shorter QTd (metformin 14 � 5 vs
glyburide 24 � 16 ms, p �0.05) and QTcd (met-
formin 23 � 9 vs glyburide 35 � 18 ms, p �0.05;
Table 1). ECGs did not show significant ST elevation
or depression.

After therapy both groups achieved adequate gly-
cemic control, and there was no significant difference
in HbA1C between the groups (metformin 5.6 � 0.4 vs
glyburide 5.7 � 0.4 mmol/L, p � NS; Table 2).

TABLE 1 Repolarization and Dispersion Measurements Before and After Therapy

Patient No. Age

Baseline After 2 Mo

QT QTc QTd QTcd QT QTc QTd QTcd

Metformin group
1 73 380 439 10 17 360 433 10 29
2 50 340 446 20 50 350 407 10 14
3 54 360 430 10 15 400 422 10 17
4 50 360 416 10 17 340 415 10 12
5 65 380 471 20 25 360 447 10 16
6 46 400 444 10 21 400 444 10 19
7 74 370 445 10 15 390 433 10 16
8 43 380 430 10 19 380 417 10 18
9 59 400 436 10 13 390 409 10 15

10 65 450 462 20 30 430 448 10 20
11 67 390 431 20 29 380 430 30 44
12 67 390 466 10 15 350 428 10 15
13 66 400 442 20 30 390 457 10 40
14 54 390 460 20 24 350 445 10 23
15 53 340 439 10 20 350 441 20 32
Mean � SD 59 � 10 382 � 27 444 � 15 14 � 5 23 � 9 375 � 26 432 � 15 12 � 6 22 � 10

Glyburide group
1 62 400 442 30 36 450 469 50 50
2 69 420 470 40 52 390 431 60 66
3 51 400 460 50 63 410 483 70 80
4 62 430 477 50 52 420 506 40 55
5 65 390 444 50 69 460 474 100 91
6 55 390 411 30 47 400 442 60 69
7 64 370 411 20 32 430 448 70 73
8 70 410 430 10 13 440 466 70 81
9 79 410 432 10 17 470 487 80 95

10 69 370 449 10 24 400 496 50 69
11 68 330 400 20 37 450 497 80 93
12 48 360 443 10 22 350 448 0 11
13 43 350 415 10 33 380 464 60 70
14 62 410 423 10 17 420 456 60 65
15 66 370 394 10 13 400 431 50 56
Mean � SD 62 � 9 387 � 28 433 � 25 24 � 16 35 � 18 418 � 33 467 � 24 60 � 22 68 � 21
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However, glyburide therapy resulted in an increase
in QTc (433 � 25 to 467 � 24 ms, p �0.001), QTd
(24 � 16 to 60 � 22 ms, p �0.001), and QTcd (35 �
18 to 68 � 21 ms, p �0.001). In contrast, metformin
therapy was associated with a decrease in QTc (444 �
15 to 432 � 15 ms, p �0.01), and did not affect QTd
(14 � 5 to 12 � 6 ms, p � NS) and QTcd (23 � 9 to
22 � 10 ms, p � NS; Table 1 and Figure 1). There
was no significant change in baseline and post-treat-
ment serum potassium levels in patients receiving
glyburide (4.2 � 0.3 vs 4.2 � 0.4 mEq/L, p � NS) or
metformin (4.3 � 0.4 vs 4.3 � 0.4 mEq/L). In the
metformin group, there was no correlation between
HbA1C and QTd (r � 0.23). In contrast, there was a
negative correlation between HbA1C and increased
QTd (r � �0.60, p �0.001) with glyburide use.

DISCUSSION
The present study found that treatment of patients

with diabetes with glyburide (glibenclamide), a sec-
ond-generation sulfonylurea, was associated with an
increase in repolarization time, as well as an increase
in dispersion of ventricular refractoriness (increased
QTd). Glyburide is one of the widely used sulfonyl-
ureas and is reported to be a specific blocker of K�

ATP channels.2 The action on K� ATP channels could
alter the action potential directly, although it may
prolong repolarization. However, the K� ATP chan-
nels are not known to be active except in ischemic
situations. It may be that patients with type 2 diabetes

have active ischemia and thus a K�

ATP blocker affects repolarization in
these patients. The effect of gly-
buride is quite marked with essen-
tially a tripling in the recorded QTd.
This is in striking difference to the
effects of metformin, an oral hypo-
glycemic agent of the biguanide
group that has not been found to
block ATP-sensitive K� channels.

In the present study the patient
populations were quite similar.
Nonetheless, the QTd was signifi-
cantly longer in the group that re-
ceived glyburide. However, we do
not believe this explains the subse-
quent prolongation. First of all, each
patient is used as his or her own
control, with the comparison made
with baseline values. Thus, the in-
crease is on top of the increased QTd
in the group treated with glyburide.
In addition, whereas there is a base-
line disparity in QTd, there is no
difference in QT interval between
the glyburide and metformin groups.
After the administration of gly-
buride, the QT and QTd increased in
parallel, whereas the QTc decreased
on metformin and QTd was un-
changed. These effects, unlike met-
formin, support the observation that

glyburide does effect QT and QTd. Because the pa-
tients who received glyburide had poorer glycemic
control suggests that they may have been from a sicker
cohort and they may have had underlying ischemia,
permitting the effects of glyburide to be so marked.
However, the QT actions also do not appear to be
related to glycemic control because both agents nor-
malized the measurement of glucose control as deter-
mined by HbA1C. Although glucose control improved,
the QTd increased with glyburide, suggesting that it is
not the glycemic control that was responsible for the QT
change and QTd. Furthermore, it was unlikely that gly-
cemic control was responsible for the affected ischemia,
which indirectly caused the changes in repolarization.

Given these changes induced by glyburide, we
must consider the significance of repolarization
changes. Increased QTd has been reported to be asso-
ciated with a number of adverse conditions: conges-
tive heart failure, the long QT syndrome, ischemic
heart disease, myocardial infarction, left ventricular
hypertrophy, hypertrophic cardiomyopathy and
chronic renal failure, as well as ventricular arrhyth-
mias and sudden cardiac death.10–20 The increased
dispersion in repolarization may be an explanation for
the purported increased cardiovascular mortality seen
in patients treated with the sulfonylurea in the well-
known University Group Diabetes Program (UDGP).1
In this study, 823 patients were given tolbuatamide, a
first-generation sulfonylurea, or were assigned to the
other treatment groups. Patients treated for 5 to 8

TABLE 2 Effect of Oral Hypoglycemic Agents on Glycemic Control Measured by
HbA1c

Baseline HbA1c
(mmol/L)

HbA1c at 2 months
of Therapy
(mmol/L) p Value

Glyburide (n � 15) 10 � 1.6* 5.7 � 0.4 �0.001
Metformin (n � 15) 8.2 � 0.7 5.6 � 0.4 �0.001

*p �0.01 between baseline HbA1c values.
HbA1c � hemoglobin A1c.

FIGURE 1. Changes in QT dispersion after 2 months of therapy.
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years on tolbuatamide (1.5 g/day) had a 2.5 times
higher cardiovascular mortality than a group treated
with diet alone. Although we can only speculate on a
possible link between glyburide, increased QTd, and
an adverse outcome seen with tolbutamide, the sec-
ond-generation sulfonylurea, did increase QT and
QTd.

Study limitations: The study had a small patient
sample without definitive assessments of ischemia and
thus the outcomes observed are difficult to generalize
and the mechanism explaining these observations re-
mains speculative.
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