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Can abnormalities of ventricular repolarisation
identify insulin dependent diabetic patients at risk
of sudden cardiac death?

P J Weston, JM Glancy, P G McNally, H Thurston, D P de Bono

Abstract
Objective-To study the possible associa-
tion of QT dispersion and mean QTc
intervals, as measured from standard 12
lead electrocardiograms, with barorecep-
tor-cardiac reflex sensitivity (BRS) in
insulin dependent diabetic patients.
Design-Comparative study of non-
invasive assessment of BRS, QT interval,
and QT dispersion.
Setting-Large teaching hospital.
Subjects-31 young asymptomatic, normo-
tensive, insulin dependent diabetic
patients, aged 20-55 years with normal
clinical autonomic function.
Methods-QT intervals and QT disper-
sion were measured by a single observer
blinded to other data about the patients.
BRS was measured after activating the
baroreflex with a Valsalva manoeuvre,
and the rate in change of R-R interval to
increasing systolic pressure during phase
4 was measured; in addition sequence
analysis of resting systolic blood pressure
and heart rate was performed during
standing. The a coefficient-an index of
the overall gain of the baroreflex mecha-
nisms-was estimated from spectral
analysis data of systolic blood pressure
and pulse interval variability.
Results-Mean (SD) QTc interval was 406
(23) ms, QT dispersion was 44 (13) ms.
There was no association between QT dis-
persion and any measurement of BRS.
There was a negative correlation between
mean QTc intervals and sequence analy-
sis BRS (r = -0*355, P = 0.049), but no
association with Valsalva BRS. The a
coefficient, showed a significant negative
correlation with mean QTc (r = -0*42,
P = 0*008)
Conclusions-Abnormal BRS may be
reflected in the heart by global prolonga-
tion of ventricular repolarisation, but not
by dispersion of ventricular repolarisa-
tion. This may, in part, explain the
increase in sudden cardiac death seen in
IDDM patients.

(Heart 1997;78:56-60)
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There is increasing evidence for the role of the
autonomic nervous system in the pathogenesis
of sudden cardiac death resulting from ven-
tricular arrhythmias.' Sudden death in young
insulin dependent diabetics is usually attrib-
uted to hypoglycaemia, often with little clini-
cal evidence.2 In these patients the role of the
autonomic nervous system may be important,
although there is usually no clinical evidence
of autonomic dysfunction.2 Several more sen-
sitive measures of autonomic function have
been proposed, which may prove useful in
identifying patients at risk of sudden death.
Baroreceptor-cardiac reflex sensitivity (BRS),
assessed from the linear relation between sys-
tolic blood pressure and R-R interval, has
recently been applied to the study of auto-
nomic function in diabetic patients.34 Using
spectral analysis methods to study heart rate
and blood pressure variability allows quantifi-
cation of relative vagal and sympathetic influ-
ences on the heart.56 The power spectra of
heart rate and systolic blood pressure variabil-
ity has been shown to consist of three major
peaks-very low, low, and high frequency.
Heart rate fluctuations in the low frequency
band (005-015 Hz) are said to represent
predominately sympathetic function with a
contribution from the parasympathetic sys-
tem, while the high frequency peak (0X2-0435
Hz) is said to mainly reflect vagal, or parasym-
pathetic, activity.5 Using spectral analysis
methods the ratio of low frequency to high
frequency power can be taken as a measure of
sympathovagal balance.7 Furthermore, the
average gain of the transfer function between
R-R interval and systolic blood pressure
variability in both low and high frequency
bandwidths acts as an assessment of baro-
receptor-cardiac reflex sensitivity and is
usually defined as the a coefficient.8 It is thus
possible to identify abnormalities of auto-
nomic regulation of heart rate and systolic
blood pressure. Such abnormalities may be
expressed in the heart as abnormalities of car-
diac repolarisation. Prolongation of the QT
interval has been recognised in diabetic
patients with autonomic dysfunction.9 10 The
interlead variability of QT intervals-the QT
dispersion-may provide more detailed infor-
mation about dispersion of cardiac repolarisa-
tion, and has been suggested as a measure of
arrhythmic risk in a number of settings." We
measured the association between sympatho-
vagal balance and BRS with QT intervals and
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QT dispersion in 31 healthy insulin depen-
dent diabetic patients.

Methods
SUBJECTS
Tirty one insulin dependent diabetic patients
(20 males) aged between 20 and 54 years,
mean 34-8 (SD 5 4), were studied. Patients
were recruited from the diabetic clinic at
Leicester Royal Infirmary and all gave informed
consent. All patients had a history of ketonuria
at the time of diagnosis. Patients with evidence
of microvascular disease (that is, those with
microalbuminuria, retinopathy, or clinical evi-
dence of neuropathy) were excluded, as were
those with clinical evidence of peripheral or car-
diac vascular disease or a history of cerebrovas-
cular disease. Patients were all normotensive,
with clinic blood pressure of < 140/90 mm Hg
on at least three occasions and were not taking
medication other than insulin.

METHODS
Subjects attended the test laboratory at least
two hours postprandially, and the tests were
performed in a quiet room with the tempera-
ture controlled at 20-24°C. Subjects were part
of a larger study looking at autonomic function
in patients with insulin dependent diabetes
mellitus. No subjects smoked and all abstained
from caffeine for at least 12 hours before the
test day. All subjects had height and weight
measured, from which body mass index was
calculated, and waist:hip ratio was also mea-
sured. All subjects performed five standard car-
diovascular tests of autonomic function.'

After resting for 10 minutes, the Finapres
device-which records beat to beat blood pres-
sure and has been validated against intra-arterial
measurements in a variety of clinical settings
including during the Valsalva manoeuvre"1-
was applied to the middle finger of the left hand
and a surface ECG fitted to record R-R inter-
val. Subjects were initially supine, with the arm
supported at the level of the right atrium, and
patients were asked not to talk. The Finapres
was calibrated and when stable, resting systolic
blood pressure and R-R interval recorded for
15 minutes. During this time the self-servo
mechanism of the Finapres was disabled. The
subjects were then asked to stand, again with
the arm supported at the level of the right
atrium, and after a five minute resting period,
during which the Finapres was recalibrated, the
systolic blood pressure and R-R interval were
recorded for a further 15 minutes. The respira-
tory rate was monitored throughout the record-
ing periods and the recording was discontinued
if the respiratory rate fell below 15 breaths/min.
Data were converted from analogue to digital
using an on-line personal computer sampling at
200 Hz. A QRS detection algorithm was
employed to automatically mark the R-R inter-
vals (from the surface ECG). The computer
software also detected increases and decreases
in systolic blood pressure and compared these
to changes in R-R interval. Where three or
more consecutive systolic blood pressure read-
ings increased by > 0 5 mm Hg/s, pulse inter-

val was automatically compared and if R-R
interval lengthened this was counted as an "up
BRS" sequence. Similarly, where systolic blood
pressure decreased for three or more consecu-
tive readings by > 0-5 mm Hg/s, and this was
associated with a decrease in R-R interval this
was counted as a "down BRS" sequence. BRS
was determined from the regression of R-R
interval on systolic blood pressure for all up,
down, and non-BRS sequences (that is, where
changes in systolic blood pressure were not
associated with changes in R-R interval). Only
regression lines with a correlation coefficient of
> 0-8 and significant at P < 0-05 were used,
and an average BRS for all of the up and down
BRS sequences was calculated. Furthermore,
using the same data, power spectra were esti-
mated using a fast Fourier transformation of
supine pulse and blood pressure data. This
analysis allows calculation of power in two fre-
quency bands: the low frequency band
(0-05-0-15 Hz) and the high frequency band
(0-2-0-35 Hz). The power of the low frequency
is said to represent sympathetic activity and the
high frequency represents vagal activity.5
Finally, subjects were asked to perform three
Valsalva manoeuvres. The blood pressure over-
shoot after release of the strain (phase 4) results
in a baroreflex mediated slowing of heart rate
and BRS was estimated from the regression of
R-R interval on systolic blood pressure.4 13 The
Valsalva manoeuvre was explained to the sub-
jects, who then blew a forced expiration of 40
mm Hg for 15 seconds. BRS was calculated as
the average of the three Valsalva manoeuvres.
The tests were performed by one investigator
and analysed by the same person.

All patients had a 12 lead simultaneous ECG
(Hewlett Packard Pagewriter) recorded at rest.
Each ECG had at least 10 leads in which a QT
interval could be accurately measured. A single
observer, blinded to the other data, analysed all
recordings.

Electrocardiograms were scanned by a
flatbed scanner interfaced with a personal com-
puter. Each image was then cut and copied into
12 files, corresponding to the 12 leads of the
electrocardiogram. Specially designed software
skeletonised and joined each image. Each
image can be magnified on the computer moni-
tor for optimal QT interval measurement using a
mouse. This method has been validated previ-
ously.'4 QT interval measurements were by
standard criteria. Leads were excluded from
QT dispersion analysis if the T wave, or its ter-
minal portion, were too flat to determine the T
wave end accurately, or if a U wave so inter-
fered with a T wave end that the end of the T
wave could not be identified accurately.
Maximum and mean QT intervals for all 12
leads were rate corrected using Bazett's for-
mula. QT dispersion is the difference between
the longest and shortest non-rate-corrected QT
interval across the surface electrocardiogram.

STATISTICS
Results are expressed as mean (SD). After
confirming normality of data with Shapiro-
Wilks' W test, data were compared by
Pearson's correlation coefficient and least
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Table 1 Measures of autonomic function, QTc and QT
dispersion. Values are mean (SD)

Autonomic function
VBRS* (ms/mm Hg) 3-2 (1-4)
Sequence BRSt (ms/mm Hg) 5-1 (2-7)
LF powert (ms2) 582-9 (36-1)
HF power§ (ins2) 77 9 (20 2)
LF/HF¶ 8-8 (2 7)
a** (ms/mm Hg) 5-3 (2-1)

QT measurements
Mean QTc (ms) 406 (22)
Maximum QTc (ms) 428 (22)
QT dispersion (ms) 44 (13)

*Valsalva derived baroreceptor-cardiac reflex sensitivity;
tstanding sequence analysis derived baroreceptor-cardiac
reflex sensitivity; 1total power of low frequency band
(0-05-0-15 Hz); §total power of high frequency band
(0-2-0-35 Hz); ¶ratio of low frequency to high frequency
power; **o values (mean baroreceptor-cardiac reflex sensitivity
for low and high frequency bands).

Table 2 Correlation ofmean QTc intervals with
autonomic function measurements

r P

VBRS* (ms/mm Hg) -0-02 0 9
Standing BRSt (ms/mm Hg) -0-36 0 05
LF powert (Ms2) -0-42 0 02
HF power§ (msa) -0-42 0-02
LF/HF¶ -0 5 0-01
a** (ms/mm Hg) -0-42 0-008

*Valsalva derived baroreceptor-cardiac reflex sensitivity;
tstanding sequence analysis derived baroreceptor-cardiac
rfl.p epneitiln"to , ta+Ll 5n)Wxr of nuu frpULnUipner hantU
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Figure 2 Relation between mean QTc and
baroreceptor-cardiac reflex sensitivity derivedfrom spectral
analysis data ofR-R interval and systolic blood pressure
variability (a coefficient).

correlations with mean QTc that were inde-
pendent of age, systolic blood pressure, and
duration of diabetes. There were no associa-
tions between either maximum QTc intervals
or QT dispersion and any measure of auto-
nomic ftunction.

15 Hz); §total power of high frequency band Discussion
5 Hz); ¶ratio of low frequency to high frequency This study suggests a link between global mea-
k*mean baroreceptor-cardiac reflex sensitivity for low
frequency bands. surement of cardiac repolarisation, as

expressed by prolonged mean QTc intervals,
and measures of autonomic function. In con-

s regression analysis. The determinants trast dispersion of cardiac repolarisation-sug-
c and QT dispersion were assessed using gested as an important mechanism in the
le regression analysis with age, systolic development of cardiac arrhythmias-does not
pressure, duration of diabetes, and BRS appear to be associated with the tests of auto-
independent predictor variables. A P nomic function studied.
of < 0-05 was regarded as statistically There is a well described association
,ant. between abnormalities of autonomic function

and sudden death in diabetics.' Moreover pro-
longed QT intervals may be associated with

ts mortality in diabetic patients.9 It is possible
and standard deviation of measures of that abnormalities in autonomic function
)mic function, QTc intervals, and QT induced by diabetes are expressed by prolon-
sion are presented in table 1. Table 2 gation of cardiac repolarisation, and that the
the correlation between measures of changes in QT intervals are the pathway for
mic function and mean QTc intervals. arrhythmia generation and sudden death in
re were significant negative correlations these patients. Certainly patients with clinical
n mean QTc intervals and standing evidence of diabetic neuropathy do have
ice derived BRS (fig 1). Furthermore, abnormal QT intervals though more subtle
coefficient derived from spectral studies abnormalities of autonomic function have not
and the ratio of low frequency to high previously been examined in any detail.9 1015
ncy power showed significant negative There is considerable evidence that the QT

interval on the surface ECG is to some extent
determined by the autonomic nervous sys-

rr= -0.36 tem.16 Manipulation of the autonomic nervous

0 PI=0.049 system by procedures such as left stellate gan-
-* | | glionectomy produces QT interval prolonga-

tion.'7 Moreover a direct vagal activity on the
-0* t * QT interval has also been demonstrated.'8

* *t ~>___More specifically in diabetic patients with clin--* ical autonomic neuropathy, QT interval pro-
* : * longation has been shown, and it has been

0 proposed that it may have a role in sudden
cardiac death in these patients.9 15 One study

l 2 4 6 8 10 12 14 has suggested that diabetic neuropathy is asso-

Standing BRS (ms/mm Hg) ciated with a decrease in QTc intervals'9; how-
ever, there was a difference in the heart rates
of the groups studied which may have lead to!Relation between mean QTc and sequence

baroreceptor-cardiac reflex sensitivity (standing overcorrection of QT intervals by Bazett's for-
mula. The data presented are in agreement
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with the majority of evidence that abnormali-
ties of autonomic function in diabetic patients
are reflected in global prolongation of cardiac
repolarisation and prolonged QT intervals. In
a study by Wei and colleagues, looking at dia-
betic patients with abnormal bedside tests of
autonomic function,20 QT dispersion was
increased compared to a smaller group of non-
diabetic subjects. The patients we studied all
had clinically normal autonomic function;
therefore it seems likely that the more subtle
abnormalities of autonomic function demon-
strated in our apparently healthy diabetic
patients might also be expressed in globally
prolonged cardiac repolarisation.
Few data are available about the role of the

autonomic nervous system in dispersion of the
QT interval. These data suggest that the auto-
nomic nervous system is not important in
determining dispersion of cardiac repolarisa-
tion, and therefore in QT dispersion measure-
ment. One recent study has described QT
dispersion in patients with primary autonomic
failure, showing that it was no different
between the patients studied and controls, but
interestingly that QT and QTc intervals were
prolonged in patients who had primary auto-
nomic failure.2' In contrast, in a study of 13
patients with diabetic nephropathy it has been
suggested that severe autonomic neuropathy is
associated with increased QT dispersion.22
However, these patients also had a high inci-
dence of coronary artery disease, and other
cardiac problems, which could have been
responsible for the observed increase in QT
dispersion. It can thus be postulated that
abnormalities of autonomic function are
reflected in prolongation of the QT interval,
whereas QT dispersion abnormalities may
only develop as a result of myocardial damage.

Spectral analysis methods of analysing rest-
ing heart rate and systolic blood pressure varia-
tions are increasingly used to study diabetic
autonomic neuropathy.56 Studies in diabetic
subjects with autonomic neuropathy have
shown that there is a marked loss of power in
the high frequency region, suggesting an
abnormality of parasympathetic function and
thus a relative increase in sympathovagal bal-
ance.6 13 23

In the present study we found significant
negative correlations between measures of
autonomic function and mean QT interval.
There was a further significant negative corre-
lation between baroreceptor gain (a) and QTc
which we assume to be a reflection of auto-
nomic dysfunction, and more specifically
parasympathetic function, rather than a struc-
tural abnormality of the baroreceptor itself.

Previous studies looking at the circadian
rhythm of sympathovagal balance have found
an increase in sympathetic activity in the
morning and a relative increase in parasympa-
thetic tone during the night.7 There is reversal
of the normal pattern in diabetic subjects,
namely a decrease of vagal activity during the
night and thus a relative sympathetic predomi-
nance. An increase in cardiovascular events
during night time has also been reported in
patients with insulin dependent diabetes, rais-

ing the possibility that a relative sympathetic
overactivity may in part be responsible.24 It is
interesting to postulate that in those diabetic
patients with an already prolonged QTc, a rel-
ative sympathetic predominance makes ven-
tricular arrhythmias more likely and could
explain some of the "dead in bed" cases. One
study has found an increase in QTc during
experimentally induced hypoglycaemia25 and it
is conceivable that nocturnal hypoglycaemia
further prolongs the QTc and increases the
risk of developing ventricular arrhythmia.
We found no significant relations between

QT dispersion or QTc and BRS derived from
the Valsalva manoeuvre. The Valsalva
manoeuvre is difficult to perform and relies on
an intact baroreceptor mechanism as well as
parasympathetic and sympathetic function.
The patients studied were all asymptomatic
with no clinical evidence of autonomic dys-
function, so subtle abnormalities of sympatho-
vagal balance may go undetected in such a
crude test.

In conclusion these data suggest that abnor-
mal baroreceptor-cardiac reflex sensitivity,
due in part to impaired parasympathetic func-
tion, may be reflected in the heart by global
prolongation of ventricular repolarisation, but
not by dispersion of ventricular repolarisation.
Such abnormalities may play some part in the
sudden cardiac deaths seen in young insulin
dependent diabetic patients.
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