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Prolonged QT period in diabetic autonomic
neuropathy: a possible role in sudden cardiac death?
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SUMMARY Twenty four men with insulin dependent diabetes and different degrees of autonomic
neuropathy were studied to establish the response of the QT interval to various heart rates. Nine
men with autonomic neuropathy had a longer QT interval than 13 healthy individuals and 15
patients who had diabetes without, or with only mild, autonomic neuropathy. Those with
autono.mic neuropathy also had a proportionally greater lengthening ofthe QT interval for a given
increase in RR interval.
The results of this study suggest a basis for the finding that sudden death is more common in

patients with diabetic autonomic neuropathy.

An association between an abnormal QT interval and
sudden cardiac death has been found in various
diseases.'2 The influence of autonomic tone on the
QT period is also widely accepted, although the
mechanisms underlying the shortening or lengthen-
ing of this period are still not clear."4

In the late 1970s several reports noted the high
incidence of sudden death in diabetic patients who
had severe autonomc neuropathy."6 In some cases
death was attributed to cardiorespiratory arrest, but
in the overwhelming majority the cause of death was
not identified.
This prompted us to investigate changes in QT

interval during static (quiet lying, sitting, and stand-
ing) and dynamic (Valsalva manoeuvre) conditions in
groups of diabetic patients with different degrees of
autonomic neuropathy.

Patients and methods

The diabetic patients (men aged (mean (SD)) 42 (12))
were subdivided into three groups: eight without
autonomic neuropathy, seven with borderline auton-
omic neuropathy, and nine with definite autonomic
neuropathy confirmed by their cardiovascular res-
ponse to a series of autonomic tests (Valsalva man-
oeuvre, deep breathing, change of position from
lying to standing, sustained hand grip, fall in blood
pressure on standing) recommended by Ewing et al'
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and scored by a specially devised system.8 All the
patients had been admitted to the ward for tests to
evaluate metabolic control and complications. Their
metabolic control was acceptable (glycosylated
haemoglobin mean (SD) value = 9-2 (1)% and their
electrolyte balance (sodium, potassium, chloride,
calcium, phosphorus, and magnesium) was within
the normal range. None had electrocardiographic
evidence of, or a history of, cardiovascular disease.
The control group consisted of 13 healthy men aged
37 (8) years.

METHODS
Electrocardiograms were recorded at 25 mm/s. The
QT and RR intervals were measured on a three
channelECG trace over a randomly selected segment
often beats after three periods of at least two minutes
of lying, sitting, and standing. For each position we
took the mean of three similar beats in the three
recordings as the baseline values. QT and RR
intervals were then measured in each subject during
three Valsalva manoeuvres at maximum tachycardia
induced on forced expiration (phase 2) and maximum
bradycardia after expiration (phase 4). We calculated
the mean of three values obtained for each heart rate.
The Valsalva manoeuvres were performed in
standardised conditions-that is by blowing into a
dynamometer for 15 seconds at 40 mm Hg.9 The
Valsalva ratio was calculated (longest RR in phase 4:
shortest RR in phase 2). The QT interval was
measured carefully according to the guidelines of
Simonson et al.'0 We calculated the corrected QT
interval (QTc) for each heart rate by Bazett's formula
(QTc = QT//RR).
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STATISTICAL ANALYSIS
We used Student's tests for paired and unpaired data.
Analysis of covariance was applied to the regression
slopes between QT (dependent variable) and RR
(covariate) for the four groups studied. We used
program P1V of the Biomedical Computer Programs
statistical package for these calculations."

Results

STATIC ANALYSIS
Figure 1 shows that the QT interval during quiet
sitting, even when uncorrected for heart rate, was
significantly longer in diabetic patients with auto-
nomic neuropathy than in healthy individuals (360
(30)) ms vs 340 (10) ms, p < 0-05 when the RR
interval was 750 (90) ms vs 824 (80) ms respectively
(NS). During quiet standing the QT interval was
significantly longer in diabetic patients with auto-
nomic neuropathy than in those without autonomic
neuropathy (350 (20) ms vs 320 (30) ms (p < 0-05))
when the RR interval was 751 (100) ms vs 712 (78) ms
respectively (NS) and in the controls QT 320 (10) ms
(p < 0-01) when the RR interval was 770 (100) ms
(NS). Figure 1, however, also shows that in all cases
the QTc interval was significantly longer in diabetic
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patients with autonomic neuropathy than in those
without and in controls during lying, sitting, and
standing.

DYNAMIC ANALYSIS
Figure 2 shows the distribution of QT values in
relation to RR values for each group examined at rest,
maximal tachycardia of phase 2, and maximal
bradycardia of phase 4 during the Valsalva man-
oeuvre. Linear regression analysis of the distribution
ofQT and RR values in all groups gave the regression
equation y = bx + a. The regression coefficient for
the diabetic patients with autonomic neuropathy
(b = 0-22, a = 193, r = 0 824) was significantly
different from that of the diabetic patients without
autonomic neuropathy, with borderline autonomic
neuropathy, and controls (p < 0-0001). Regression
coefficients in the last three groups were not
significantly different from one another (b = 0-086, a
= 260,r = 0 807;b = 0-107,a = 253,r = 0-881; and
b = 0-083, a = 272, r = 0-815 respectively).
As expected fig 2 shows that the variation of RR

intervals was lower in diabetic patients with auto-
nomic neuropathy (mean Valsalva ratio 1-18 (0 10))
(table). The difference between the slope of the
diabetic patients with autonomic neuropathy was
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Fig I Mean values (ms) for QT and Q Tc intervals during quiet standing, sitting, and lying in 13 controls,
nine diabetic patients with autonomic neuropathy, seven diabetic patients with borderline autonomic
neuropathy, and eight diabetic patients without autonomic neuropathy.
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Fig 2 Regression linesfor mean individual QT vs RR intervals in phase 2, resting, and phase 4 of Valsalva manoeuvre in 13
controls (0 0), eight diabetic patients without autonomic neuropathy (O-- -0), seven diabetic patients with
borderline autonomic neuropathy ( and nine diabetic patients with autonomic neuropathy (* ....).
b, regression coefficient; r, correlation coefficient.

highly significant (F = 9-02, p < 00001) from the
cumulative slope of the other three groups (fig 3)."
These three groups may be viewed as having a

common regression line (b = 0-088; a = 265,
r = 0-814) because there was no significant difference
(F = 0 80) between their individual regression lines.

Discussion

The data clearly show that the relation between QT
and RR intervals is altered under both static and
dynamic conditions in diabetic patients with overt

autonomic neuropathy. The importance of the
autonomic influence in determining the QT interval
is well established.34"2 Because there was no other
apparent cause to explain the abnormal lengthening
of the QT interval in our diabetic patients with
autonomic neuropathy, it seems reasonable to
attribute this to a disturbance of the autonomic
regulation of myocardial repolarisation.
The mechanism underlying this alteration is not

easily explained. It is generally agreed that the
parasympathetic system has little, ifany, direct effect
on QT modulation, which is widely attributed to

ible Mean group values ofRR and related QT intervals (ms) at maximum tachycardia (in phase 2) and at resting and maximum
sdycardia (in phase 4) measured during three Valsalva manoeuvres in 13 controls, eight diabetic patients without autonomic neuropathy,
)en diabetic patients with borderline autonomic neuropathy, and nine diabetic patients with autonomic neuropathy

Tachycardia Resting Bradycardia

No RR QT RR QT RR QT Valsalva ratio

Controls 13 554 (73) 315 (18) 824 (77) 344 (12) 1119 (132) 364 (18) 2-06 (0-37)
Diabetes without autonomic neuropathy 8 562 (44) 305 (13) 812 (111) 337 (16) 1009 (115) 344 (18) 1-80 (0-28)
Diabetes with borderline autonomic 7 614 (110) 318 (14) 793 (137) 340 (19) 901 (139) 349 (18) 1-47 (0 30)

neuropathy
Diabetes with autonomic neuropathy 9 660 (84) 347 (31) 750 (97) 358 (29) 779 (121) 365 (30) 1-18 (0-10)

Significance testing
a vs b NS - NS - NS - NS
a vs c NS - NS - <0(05 - < 0 005
a vs d <001 - NS - <0001 - <0001
b vs c NS - NS - NS - NS
b vs d <001 - NS - <0005 - <0001
c vs d NS - NS - NS - <0-05
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Fig 3 Regression lines and confidence intervals for QT vs
RR intervals during the Valsalva manoeuvre in nine diabetic
patients with autonomic neuropathy ( ...) and in all the
remaining subjects ( ). b, regression coefficient; r,
correlation coefficient.

sympathetic influence"4 and recent evidence suggests
that the left efferent cardiac sympathetic fibres may
influence QT interval.2

In our patients it is difficult to propose a sound
hypothesis for the effective mechanism underlying
lengthening of the QT interval because diabetic
patients with autonomic neuropathy show a pattern
of overriding parasympathetic withdrawal followed
by a sympathetic deficiency which at present is
difficult to evaluate in clinical practice. Because the
parasympathetic pathway does not appear to operate
in these patients, we agree with recent reports that
some non-quantifiable sympathetic imbalance is res-
ponsible for the abnormal lengthening of the QT
interval in our patients. Evidence suggests that in
diabetic patients with autonomic neuropathy the
prolonged mean values for QT interval resemble (for
example QT = 362 ms for an RR = 750 ms, that is
QTc = 413 ms during quiet sitting) those found in
patients with the so-called "long QT syndrome", a
condition in which there is a high risk of sudden
cardiac death.2

In the late 1970s there were several reports that
unexpected sudden death was common in diabetic
patients with autonomic neuropathy.67 In some cases
this was attributed to a respiratory arrest. But this
was confirmed as the cause of death in only two cases
and no explanation could be found for the remaining
cases. Since then evidence has tended to argue
against the hypothesis of simple respiratory arrest as
the cause of death, because no alteration in the
response to hypoxia or hypercapnia has been found in
patients with autonomic neuropathy." 14

Analysis of our data on QT adaptation to RR
variation during dynamic conditions (fig 2) shows
that the QT interval was similar in all diabetic
patients and controls at the lowest values of RR
(induced tachycardia) but that as the RR interval
lengthened, the QT interval tended to increase
proportionally more in patients with autonomic
neuropathy until highly abnormal values of > 400 ms
were reached when the RR interval was 1000 ms
(heart rate = 60 beats/min).
There was a tendency towards tachycardia in the

patients with diabetic autonomic neuropathy and
none had a resting heart rate as low as 60 beats/min.
But even in patients with autonomic neuropathy
some interventions, such as drug treatment and
anaesthesia, can lower the heart rate. Most sudden
deaths in such patients occur during the induction of
anaesthesia, which commonly provokes pronounced
bradycardia, a condition which greatly increases the
risk of cardiac arrest even in healthy subjects."5

In 1984 we suggested that the increase in QT
interval that we found in diabetic patients with
autonomic neuropathy might explain their high risk
for sudden death.'6 The current study and another'7
support this view.
Should autonomic diabetic cardiac neuropathy be

included among the long QT syndromes and could
the altered relation between QT interval and RR
interval in such patients explain the high incidence of
sudden unexpected death in these patients? We hope
that studies such as ours will lead to an answer.
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