
Abstract

Aims/hypothesis. Experimental hypoglycaemia leads
to abnormal cardiac repolarization manifest by a
lengthened QT interval and caused by adrenergic
stimulation. However it is less clear whether sponta-
neous clinical episodes lead to similar changes. We
have therefore measured cardiac ventricular repolar-
ization and counterregulatory responses in patients
with Type 1 diabetes during hypoglycaemic and eu-
glycaemic nights.
Methods. We studied 22 patients with Type 1 diabetes
(mean age 40.4±17.2 years, duration of diabetes
17.2±9.3 years, HbA1c 8.2±1.2% overnight). Mea-
surements were taken hourly of blood glucose, plasma
potassium, catecholamines and high resolution elec-
trocardiograms.
Results. Hypoglycaemia (blood glucose level
<2.5 mmol/l) occurred on 7 of the 22 nights. During
overnight hypoglycaemia, QTc interval increased by
27 ms (±15) above baseline, compared with 9 ms

(±19) during nights with no nocturnal hypoglycaemia
(p=0.034, 95%CI 2, 35). Adrenaline increased by
0.33 nmol/l (±0.21) above baseline during hypoglycae-
mia, compared with −0.05 nmol/l (±0.08) during eu-
glycaemia (p=0.001, 95%CI 0.19, 0.56 nmol/l). There
was no significant difference between potassium, and
noradrenaline concentrations between the two groups.
Conclusion/interpretation. QTc interval lengthens sig-
nificantly during spontaneous nocturnal hypoglycae-
mia. Increases are generally less than those observed
during experimental hypoglycaemia and could reflect
attenuated sympathoadrenal responses during clinical
episodes. The clinical relevance of these changes is
uncertain but is consistent with the hypothesis that
clinical hypoglycaemia can cause abnormal cardiac
repolarization and an attendant risk of cardiac arrhyth-
mia. [Diabetologia (2004) 47:312–315]
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with torsades de pointes ventricular tachycardia and
sudden death [1, 2]. The critical QT period which con-
fers particular vulnerability to VT probably varies for
different individuals but is considered to be around
550 ms [3]. We have previously shown that experi-
mental hypoglycaemia is an acquired cause of abnor-
mal cardiac repolarization with some individuals ex-
periencing corrected QT intervals up to 580 ms [4, 5].
Our data indicate that these abnormalities are caused
by activation of the sympathoadrenal system since
they can largely be prevented by beta blockade [6].
We have proposed that these changes might cause
ventricular tachycardia and account for the increased
risk of sudden overnight death in young people with

The Long QT syndrome describes a variety of condi-
tions characterised by a lengthened QT interval on the
surface ECG reflecting abnormal cardiac repolariza-
tion. Its clinical importance is due to its association



Type 1 diabetes [7], a condition which has been
termed the ‘dead-in-bed’ syndrome [8]. Since hypo-
glycaemia induced QT lengthening can be prevented
by beta-blocking agents then if we could establish
which individuals are at particular risk it might prove
possible to protect them using this therapeutic ap-
proach.

However before embarking on such a strategy it is
important to establish whether QT intervals also
lengthen during spontaneous clinical episodes of hy-
poglycaemia. It is possible that changes in the electro-
cardiogram observed using an experimental model of
hypoglycaemia are artefactual since circulating insulin
concentrations are higher and counterregulatory re-
sponses are more intense than during clinical epi-
sodes. It is as yet uncertain whether the QT interval is
altered during hypoglycaemic episodes which occur
with subcutaneous insulin therapy.

The aim of our study was to test the hypothesis that
lengthening of the QTc interval occurs during sponta-
neous nocturnal hypoglycaemia in individuals with
Type 1 diabetes.

Subjects and methods

Subjects. We recruited 22 patients with Type 1 diabetes. This
sample size had a greater than 90% power to detect a mean in-
crease of QT interval of 40 ms or more during hypoglycaemic
nights assuming that hypoglycaemia occurred in 30% of the
monitoring periods. Average age of the patients was 40.4±17.2
years, mean duration of diabetes 17.2±9.3 years, mean HbA1c
8.2±1.2%.

Of the subjects, 10 had no complications, one had maculo-
pathy, three background retinopathy, two had hypertension,
one subject a previous myocardial infarction, and one erectile
dysfunction. All subjects gave written consent to participate in
this study, which was approved by the North Sheffield Local
Research ethics committee.

Subjects were admitted to the clinical investigation unit at
10 p.m. They took their usual bedtime insulin, along with any
pre-bedtime snack, as would be part of their normal routine at
home. A cannula was placed into an antecubital arm vein so
that blood samples could be taken at hourly intervals and pa-
tients were encouraged to sleep. Blood was taken hourly, cen-
trifuged in an adjacent room, and stored for later measurement
of catecholamines and serum potassium. ECG electrodes were
applied for recording of bipolar orthogonal (X, Y and Z) high
resolution ECG’s.

Measurement of QT interval. ECGs were recorded on a cus-
tom-built system for High-Resolution ECG Analysis that 
simultaneously acquires three bipolar orthogonal X, Y and Z
leads as previously described [4]. The ECG signal was record-
ed over a 10 min period onto a Racal Store 4 FM analogue tape
recorder (Racal Instruments, Irvine, Calif., USA). These data
were digitised using an Amplicon PC27 AD card (Amplicon
Liveline, Brighton, UK) and a Toshiba desktop PC (Toshiba,
Tokyo, Japan). The data were filtered and then averaged until
the mean residual noise was below 1.5 µV; averaging of 10 to
30 beats at a rate of one every 6 s was required to achieve that
figure. Only complexes with a correlation coefficient greater
than 99.5% were accepted in the average. The period of each

measurement took approximately 6–7 min. The QT interval
was measured in the averaged X, Y and Z signals individually.
QT interval was measured, using a tangent drawn at the point
of maximal gradient on the downward slope of the T wave,
and the end of the T wave marked as the point of intersection
of the tangent with the isoelectric line [9]. The QT intervals
were marked using an on-screen cursor by an observer who
was blinded both to the prevailing blood glucose concentration
and to the outcome of previous measurements.

The X, Y and Z readings were then averaged to obtain an
overall measure of cardiac repolarization.

Increases in heart rate are associated with a physiological
reduction in the QT interval. We corrected for differences in
heart rate, dividing QT by the square root of the RR interval,
the Bazett correction, which mathematically normalises the QT
interval to a heart rate of 60 beats/min [10].

Metabolic measurements. Plasma adrenaline was analysed by
high performance liquid chromatography with electrochemical
detection [11]. Serum potassium was analysed by direct po-
tentiometry (Vitros Analyzer, Johnson and Johnson, Ortho
Clinical Diagnostics, Haversham, Bucks., UK).

Statistics and analysis. Results are expressed as mean±SD.
ECG recordings, and blood samples were taken at 11 p.m. and
labelled as ‘baseline’. If blood glucose level fell below
2.5 mmol/l at any point during the night, these were classified
as ‘nocturnal hypoglycaemia’ nights. Nights where blood glu-
cose concentration remained greater than 3.5 mmol/l were
classed as ‘nocturnal no hypoglycaemia’. Blood samples were
taken and ECG’s recorded hourly, with the QTc interval de-
fined as the maximum of that recorded at glucose nadir, or glu-
cose nadir +1 h. Of the seven subjects who became hypo-
glycaemic, the time of hypoglycaemia was 4 a.m. in three
cases, 5 a.m. in two cases and midnight and 3 a.m. in the other
two. QT interval exhibits circadian rhythmicity with highest
values between 1 a.m. and 5 a.m. [12]. We therefore selected
4 a.m. as the start time for control data during non-hypoglycae-
mia nights in which we recorded the ECG for similar periods
to those recorded during hypoglycaemic nights.

Differences between the overnight hypoglycaemic and non-
hypoglycaemic periods were compared with unpaired t-tests.

Results

Of the 22 subjects with Type 1 diabetes, seven (32%)
developed hypoglycaemia. The remaining 15 subjects
experienced a blood glucose concentration greater
than 4 mmol/l during the night (Fig. 1). One subject
had a blood glucose level of 2.9 mmol/l at 11 p.m.,
and subsequent readings all greater than 4 mmol/l; for
this subject baseline readings were recorded at 8 a.m.
For all other subjects baseline ECG recordings and
blood samples were taken at 11 p.m.

During hypoglycaemia QTc interval increased by
27 ms (±15) from baseline (Fig. 2), compared with
9 ms (±19) during no hypoglycaemia nights (p=0.034,
95%CI 2, 35). Adrenaline increased by 0.33 nmol
(±0.21) from baseline during overnight hypoglycae-
mia (Fig. 3), compared with −0.05 nmol (±0.08) dur-
ing no hypoglycaemia (p=0.001, 95%CI 0.19, 0.56).
There was no relationship between change in QTc and
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magnitude of the adrenergic response during over-
night hypoglycaemia (r=−0.012, p=0.982).

During hypoglycaemic nights, potassium fell
0.21 mmol/l (±0.21) from baseline (Fig. 4), com-
pared with 0.13 mmol/l (±0.39) during no hypo-
glycaemia (p=0.59, 95%CI −0.25, 0.42). There was
no relationship between change in QTc and change
in potassium (r=0.725, p=0.065). Noradrenaline fell
by 0.28 nmol/l (±0.94) from baseline during over-
night hypoglycaemia, compared with 0.41 nmol/l

(±0.51) during no hypoglycaemia (p=0.76, 95%CI 
−0.77, 1.03).

Discussion

These data show that significant albeit modest in-
creases in QTc interval are associated with ‘clinical’
periods of hypoglycaemia developing spontaneously
during the night. The mean increases in QTc of 27 ms
over baseline and maximum increases of 45 ms are
smaller than we observed during experimental hypo-
glycaemia where the mean increase was around
75 ms. Furthermore, cardiac repolarization has a cir-
cadian rhythm and normally lengthens during the
night. It is therefore important to consider whether the
changes we observed merely reflect physiological al-
terations in QT interval and are without clinical rele-
vance. We were careful to control for circadian length-
ening of QT interval by measuring QTc during non-
hypoglycaemic nights at similar times to hypo-
glycaemic nights and observed longer QTc intervals
during hypoglycaemia. Furthermore the modest in-
creases in QTc reflect the attenuated sympathoadrenal
response during the relatively mild hypoglycaemic 
episodes we observed during the study.

We have recently shown in non-diabetic subjects,
that the increases in QTc interval during hypoglycae-
mia seem to be due to sympathoadrenal activation
from both a direct effect and also indirectly due to cat-
echolamine-induced lowering of serum potassium [6].
Catecholamine responses during hypoglycaemia were
between five to ten times greater in those experimen-
tal studies compared to the increases we observed dur-
ing the spontaneous nocturnal episodes in the present
work. Furthermore, experimental hypoglycaemia in
subjects with either Type 1 [4] or Type 2 diabetes [13]
provokes a more intense sympathoadrenal response
and larger increases in QT interval. It is therefore not
surprising that in the present study, the degree of QT
lengthening was also lower. Nevertheless, it is consis-
tent with our hypothesis that abnormal cardiac repo-

Fig. 1. Glucose concentration at baseline and during overnight
hypoglycaemia and non-hypoglycaemia, p=0.022 between
groups

Fig. 2. QTc interval at baseline and during overnight hypo-
glycaemia and non-hypoglycaemia, p=0.034 between groups

Fig. 3. Adrenaline concentration at baseline and during over-
night hypoglycaemia and non-hypoglycaemia, p=0.001 be-
tween groups

Fig. 4. Potassium concentration at baseline and during over-
night hypoglycaemia and non-hypoglycaemia, p=0.59 between
groups
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lorization and hypoglycaemia-induced sympathoadre-
nal activation are related although the correlation be-
tween the increase in QTc and adrenaline was not 
significant. Interestingly in this study we found an ap-
parently stronger association (albeit statistically insig-
nificant) between change in QTc and change in potas-
sium concentration suggesting that this mechanism
(either directly or indirectly) could also play a role.

A modest counterregulatory response during noc-
turnal hypoglycaemia was not unexpected. The data
confirm previous work which showed diminished
counterregulatory responses during clinical nocturnal
episodes in both children [14] and adults [15], particu-
larly during REM sleep [16]. Our study population
had a relatively long duration of diabetes which is as-
sociated with impaired glucose counterregulation [17].

The clinical relevance of our findings remains un-
certain, particularly since these subjects did not devel-
op severe hypoglycaemia and a strong sympathoadre-
nal response. Nevertheless, we believe our data are
consistent with the hypothesis that abnormal cardiac
repolarization can develop during spontaneous hypo-
glycaemia. On occasions individuals with insulin-
treated diabetes experience powerful counterregulato-
ry responses during clinical episodes, reporting in-
tense autonomic symptoms when waking during se-
vere nocturnal hypoglycaemia. It is possible that dur-
ing such attacks, when sympathoadrenal activation is
at its most powerful that a potentially hazardous de-
gree of QT lengthening could develop, perhaps in in-
dividuals with unrecognised congenital QT lengthen-
ing or when taking particular medications known to
prolong the QT interval [18] including alcohol [19].

It seems to us worthwhile undertaking more exten-
sive ECG monitoring during clinical episodes of noc-
turnal hypoglycaemia in patients with Type 1 diabetes,
perhaps using recently available methods of continu-
ous glucose monitoring. Such an approach might iden-
tify more severe hypoglycaemic episodes and estab-
lish whether this results in prolonged and potentially
hazardous QT lengthening.

Acknowledgements. We thank M. Cunningham, S. Hudson and
R. Macneil for expert technical assistance. This work was sup-
ported by a Project Grant from Diabetes UK (formerly the
British Diabetic Association).

References

1. Dessertenne F (1966) Ventricular tachycardia with 2 vari-
able opposing foci. Arch Mal Coeur Vaiss 59:263–272

2. Curran ME, Splawski I, Timothy KW et al. (1995) A mo-
lecular basis for cardiac arrhythmias: HERG mutations
cause long QT syndrome. Cell 80:795–803


