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Changes in systolic time intervals during
treatment of diabetes mellitus
C. A. SYKES,1 A. D. WRIGHT, J. M. MALINS, AND B. L. PENTECOST
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The cardiovascular response to the control of diabetes by sulphonylurea drugs has been investigated using
systolic time intervals in a group of 19 diabetics. Before treatment a significantly greater heart rate and
shortening of QS2 interval and left ventricular ejection time index were encountered among the more hyper-
glycaemic diabetic patients requiring drug therapy while all diabetics had a reduction of pre-ejection period
index. There was agradual return of resting heart rate and systolic time intervals to control values along with
thefall in plasma sugar concentration during treatment. A likely explanation of thefindings is that uncontrolled
diabetics, particularly those more severely affected, are subjected to an increased adrenergic stimulus to the
cardiovascular system which disappears with therapy. There is no evidence of positive inotropic action of
sulphonylurea drugs in this study.

Since the publication of the University Group
Diabetes Programme (Klimt et al., 1970) which sug-
gested an increase in mortality from cardiovascular
disorders in those patients treated with tolbuta-
mide, several workers have studied the effects of
this drug on the heart in vivo and in vitro. The
results have been confusing. Some authors have
reported a positive inotropic effect (Hildner et al.,
1971; Palmer et al., 1971; Lasseter et al., 1972;
Young et al., 1975), while Crass et al. (1973) have
shown that increased contractility is dose dependent
and that above a certain concentration of tolbuta-
mide negative inotropism results. Crockett et al.
(1973, 1974) could not show any inotropic effect on
the human heart in clinical studies despite increased
contractility of both animal and human hearts in
vitro. The majority of these were acute studies after
parenteral administration of the drug.

In an attempt to resolve this conflict it was
decided to examine changes in myocardial function
during the first three months' treatment of diabetes.
Two groups of diabetic patients were studied, one
managed by diet and the other treated with diet and
a sulphonylurea drug. Simultaneous recordings of
the electrocardiogram, phonocardiogram, and caro-
tid pulse were performed in order to obtain systolic
time intervals (Weissler et al., 1969). This technique
has been used to study changes in myocardial con-
tractility produced by cardiac glycosides, adrenergic
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and cholinergic drugs, and tolbutamide (Raab et
al., 1958; Weissler et al., 1965; Harris et al., 1967;
Shapiro et al., 1970; Crockett et al., 1973). Martin
et al. (1971) have shown that systolic time intervals
correlate well with internal measurements of left
ventricular function.

Patients and methods

Nineteen untreated male patients attending the
diabetic clinic for the first time were studied. Nine
patients were subsequently managed with diet
alone and 10 with diet and a sulphonylurea drug.
The severity of the diabetes determined treatment.
A random plasma sugar level greater than 14 mmol/l
(252 mg/100 ml) usually indicated the need for
hypoglycaemic compounds. Each individual was
seen again 1 month and 3 months after starting
treatment. At each attendance the plasma sugar
concentration, weight, and systolic time intervals
were measured. Recordings of the full electro-
cardiogram and the blood pressure were made on
every patient at the first visit. Systolic time intervals
were obtained by using a Mingograph 3-channel
recorder (Elema-Schonander) modified to repro-
duce simultaneously the electrocardiogram, phono-
cardiogram, and carotid pulse wave at a paper speed
of 100 mm/s. From these tracings were derived the
QS2 interval-from the start of the QRS complex to
the start of the aortic second sound, the left ventri-
cular ejection time (LVET)-from the start of the
upstroke of the carotid pulse to the incisura, and the
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pre-ejection period (PEP) which is the difference
between the QS2 and LVET. The mean values of
10 complexes were obtained for each measurement.
The QS2, LVET, and PEP results were then cor-
rected for heart rate using the regression equations
of Weissler et al. (1969). The PEP/LVET ratio was
calculated using the uncorrected values of PEP and
LVET.

Seven patients in the diet group and 8 of those
who needed an oral hypoglycaemic drug had normal
electrocardiograms. Two patients in the drug
treated group and 2 controlled by diet showed
ischaemic ST depression.
Of those in the sulphonylurea drug group 7

patients received glibenclamide and 3 tolazamide.
The dosages of the drugs were in the therapeutic
range in each case. Three patients on glibenclamide
received 10 mg daily and 2 were on 5 mg a day. The
doses in the remaining 2 patients on this drug were
2-5 mg and 20 mg, respectively. In the tolazamide
treatment group 1 patient received 250 mg daily
while the remaining 2 were on 350 mg daily. No
patient in the study was given any other medication.
The mean age of each group was similar.
Twenty-seven ambulant male volunteers with

clinically normal hearts and blood pressures were
investigated in an identical manner to provide
control data. They all had normal electrocardio-
grams, plasma sugar concentrations, and their mean
age and weight were similar to those of the diabetic
groups.
To avoid any errors resulting from a possible

diurnal variation of systolic time intervals, all
measurements in the 19 diabetics and 27 control
subjects were made between 1400 and 16'00 hours.

Results

Tables 1 and 2 show the results.
The resting heart rate before treatment was

greater among the more hyperglycaemic diabetic
patients needing both sulphonylurea drugs and
dietary restriction, when compared with the control
subjects (P < 0-01). The difference was still apparent
1 month after starting drug therapy but was no
longer significant at 3 months. The heart rate of
diabetic patients managed with dietary restriction
alone showed no significant difference from the
other two groups either before therapy or at the
subsequent visits.
There was a small but significant shortening of

the rate corrected QS, interval (QS2I) in the drug
treated patients before therapy when compared
with the control group (P < 0001). There was a
gradual lengthening of the QS2I at succeeding
visits. It remained less than the control value at
1 month (P < 0.02) but finally no difference was

shown between the control subjects and the drug-
treated diabetics (Fig. 1).
The diet group, however, behaved differently.

There was no abnormality of the QS2I when the
three measurements were compared with each other
and with those of the control group. However, a

lengthening of the QS2I occurred within the diet
group when paired differences were analysed
(P < 0 05).
Although before treatment significant shorten-

ing of the rate corrected PEP (PEPI) was absent
when the two groups of diabetics were considered
separately the PEPI of all 19 diabetics was 113 ms
(standard deviation 15-9). This was less than the
control value (P < 0 05). During the study lengthen-
ing of the PEPI occurred as shown by a paired 't'
test (P < 0-02) and at the final visit the PEPI of
diabetics and control subjects was similar. Before
treatment there was shortening of the rate corrected
LVET (LVETI) in the drug treated group when
compared with the diet and control groups (P < 0 05
and P < 0-02, respectively). During the study
lengthening of the LVETI occurred within the

Table 1 Data for diabetic patients at each visit compared with those of control group (± 1 SD)

Diet group Tablet group Control
1st visit 2nd visit 3rd visit 1st visit 2nd visit 3rd visit group
(9) (9) (9) (10) (10) (10) (27)

Age (y) 53-6 52-4 50-9
±13-1 - - ±6-8 - - ±94

Weight (kg) 82-6 82-0 78-8 74-7 74-5 74-6 75-3
15-0 ±14-9 ±139 ±10 1 ±11*5 ±13-0 ±131

Heart rate (b/min) 72-6 75-2 73-6 81-5 80-9 76-5 68-8
±10-3 ±116 ±10-5 ±112 ±10-3 ±8-5 ±11 0

Systolic blood pressure (mmHg) 141 151 132
±13-6 ±14-5 ±16-8

Diastolic blood pressure (mmHg) 84-4 89-5 81-9
±7-7 ±10-1 ±12-3

Plasma sugar concentration (mmol/l) 110 8-2 8-2 18-6 8-4 6-8 5-7
±3-1 ±2-1 ±1-5 ±30 ±2-0 ±2-3 ±1.1
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Table 2 Mean corrected QS2 interval, corrected LVET, corrected PEP,
each visit (± 1 SD)

and PEPILVET in control group and at

Diet group Tablet group Control
1st visit 2nd visit 3rd visit 1st visit 2nd visit 3rd visit group
(9) (9) (9) (10) (10) (10) (27)

Corrected QSs interval (QS,I) 523 526-5 533-4 503 3 513-6 529-9 527-8
±15-6 ±17-2 ±12-5 ±25-9 ±20-1 +17 6 ±12-2

Corrected PEP (PEPI) 113-9 117-9 125-1 112-3 114-3 118-8 122-5
±13-2 8-7 ± 14-6 +18-7 +15-1 +21-2 + 14-b

Corrected LVET (LVETI) 409-1 409 3 408 2 391-3 399 4 411-3 405 4
±18-4 16-7 ±18-2 ±13-5 ±14-1 ±9 4 ±14-6

PEP/LVET ratio 0 30 0-31 0 34 0-32 0-31 0-31 0 33
+0-061 ±0 039 ±0-071 ±0 075 +0-061 +0 079 +0-06
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Fig. 1 Mean corrected QS2 interval (QS2I) ± 1 SEM
in the two diabetic treatment groups with control values
for comparison.

tablet group (P <0001). The patients on dietary
control showed no difference either when consider-
ing the group as a whole or when paired differences
were analysed (Fig. 2).
The PEP/LVET ratio showed no significant

deviation from control values in any of the diabetic
patients throughout the study.
There were high plasma sugar concentrations in

both the diabetic groups at the first visit when com-
pared with the control values (P <0.0005). The
levels were greater in the drug treated patients, as
therapy was determined by the initial severity of the
diabetes. After 1 month the plasma sugar con-
centrations in both diabetic groups had fallen but
were still higher than those of the control series
(P < 00005). At the final visit the mean plasma
sugar level of the diet group remained greater than
the control values (P < 0.005) but that of the drug
treated patients occupied an intermediate position
and was not statistically different from those of the
other two groups.
Although the mean weights of the patients were

similar at each visit a paired 't' test showed a
reduction in weight during the study in the diet

Fig. 2 Mean corrected left ventricular ejection time
(LVETI) I SEM in the two diabetic treatment groups
with control values for comparison.

treated group (P < 005) but not in the individuals
on oral hypoglycaemic drugs.
Blood pressure was measured at the initial visit.

The systolic pressure was significantly higher in the
group needing sulphonylurea drugs when com-
pared with the control values (P< 001), but the
patients requiring diet alone showed no significant
difference from the other two groups. The diastolic
blood pressure was similar in all three groups.

Discussion

The small but significant cardiovascular changes
shown among diabetic patients appeared to be
related to the severity of the underlying hyper-
glycaemia in that they were present to their greatest
extent in diabetic patients with sugar levels high
enough to require sulphonylurea drugs in addition
to dietary restriction. Under the influence of therapy
there was a gradual return to control values of both
heart rate and systolic time intervals accompanying
the reduction in plasma sugar though the bio-
chemical improvement was somewhat faster than
the haemodynamic.
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One possible explanation of the observed cardio-
vascular changes could be an increased adrenergic
stimulus more obvious in the hyperglycaemic
diabetic. Adrenaline produces a reduction of PEP
and QS2 (Raab et al., 1958; Harris et al., 1967;
Martin et al., 1971). Raab et al. (1958) have also
found a shortening of QS2 (total electromechanical
systole) and LVET with adrenaline. Such a mecha-
nism has been suggested to explain the shorten-
ing of the QS2 interval after myocardial infarction
(Lewis et al., 1972). Certainly a rise in catechol-
amines, notably noradrenaline, is known to occur
when diabetes is out of control (Christensen, 1974).
None the less, at the second visit when satisfactory
control of diabetes was obtained a fall in circulating
catecholamines would have been expected to occur,

and hence a return of the systolic time intervals to
normal, whereas systolic time intervals were still
significantly shortened.
Another possible mechanism which may explain

the reduction in the LVETI is lipid deposition
within the myocardial cells reducing the com-

pliance and thus the stroke volume. Animal studies
have shown cholesterol and triglyceride deposition
within the myocardium in alloxan-induced diabetes
(Regan et al., 1974). If excess lipids were present
within the myocardium, a situation similar to a

restrictive cardiomyopathy would develop. The
LVET has been shown to shorten in this type of
cardiomyopathy. However, lengthening of the
PEP and increase in the PEP/LVET ratio also occur
as would be expected in any situation where myo-

cardial contractility is reduced (Khullar and Lewis
1976; Ghose et al., 1976). Such a mechanism would
not, therefore, account for the initial shortening of
PEP encountered in the present state.

Relatively high systolic blood pressure among the
more severely hyperglycaemic group would tend to
lengthen rather than shorten the LVET (Braun-
wald et al., 1958; Shaver et al., 1968), and the
diastolic pressures were similar in all three groups

of patients.
The purpose of the study was to examine the

possibility that sulphonylurea drugs may have an

overall positive inotropic effect on the myocardium
when used in the management of diabetes. Our
results appear to show that this is not so. The drug-
treated group had a significant lengthening of
LVETI during the period of treatment towards the
values obtained among the control subjects and all

diabetics showed an increase in PEPI. This is the
reverse of the shortening of these time intervals
with positive inotropic drugs such as cardiac glyco-
sides (Weissler et al., 1965; Shapiro et al., 1970).

It seems likely that the changes in cardiovascular
behaviour with control of diabetes are too complex

to ascribe any result to a single intervention such as
drug administration. If the changes observed in this
study are the result of the withdrawal of an in-
creased adrenergic stimulus to the heart which
occurs in the untreated state, this may have clinical
significance and could explain the improvement in
angina which can occur after administration of the
sulphonylurea (Singh and Bardhan, 1959). At all
events we have found nothing to suggest that the
particular sulphonylurea drugs studied produce a
positive inotropic effect potentially hazardous in
the management of patients with diabetes.

C. A Sykes was a Research Fellow in receipt of a
United Birmingham Hospitals Endowment Fund
Research Fellowship.
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