
The QT interval reflects the total duration of ventric-
ular myocardial depolarization and repolarization: a
prolonged QT interval is associated with sudden
death and poor survival in apparently healthy sub-

jects [1]. The relation of QT interval prolongation
with diabetes complications, poor survival prognosis
and sudden death has recently received considerable
interest. It has been postulated that QT prolongation
accounts for higher mortality in people with diabetes
and its complications as the prevalence of QT inter-
val prolongation is higher among patients with Type
I (insulin-dependent) diabetes mellitus [2], ischaemic
heart disease (IHD) [3±7], end stage renal disease [8]
and autonomic neuropathy [2, 9±12].

Data on QT interval in diabetic patients are, how-
ever, mainly derived from small, selected samples
[9±15]. In particular, the prevalence of QT interval
prolongation and its relation with cardiac autonomic
neuropathy has been evaluated in only one cross-sec-

Diabetologia (1999) 42: 68±75

The relation between QTc interval prolongation and diabetic
complications. The EURODIAB IDDM Complication Study Group
M. Veglio1, M. Borra2, L. K. Stevens3, J. H. Fuller3, P. C. Perin2

and the EURODIAB IDDM Complications Study Group*
1 Ospedale Mauriziano, Torino, Italy
2 Department of Internal Medicine, Ospedale San Giovanni Battista di Torino, Torino, Italy
3 EURODIAB, Department of Epidemiology and Public Health, University College of London, London, UK

Ó Springer-Verlag 1999

Summary The prevalence of QT interval prolonga-
tion is higher in people with diabetes and its compli-
cations. Sudden death has been reported as a com-
mon cause of death in insulin-dependent diabetic pa-
tients affected by autonomic neuropathy. It has been
postulated that QT prolongation predisposes to car-
diac arrhythmias and sudden death. In this analysis
the prevalence of QT interval prolongation and its re-
lation with diabetic complications were evaluated in
the EURODIAB IDDM Complications Study (3250
insulin-dependent diabetic patients attending 31 cen-
tres in 16 European countries). Five consecutive RR
and QT intervals were measured with a ruler on the
V5 lead of the resting ECG tracing and the QT inter-
val corrected for the previous cardiac cycle length
was calculated according to the Bazett's formula.
The prevalence of an abnormally prolonged correct-
ed QT was 16% in the whole population, 11% in
males and 21 % in females (p < 0.001). The mean cor-
rected QT was 0.412 s in males and 0.422 s in females

(p < 0.001). Corrected QT duration was independent-
ly associated with age, HbA1c and blood pressure.
Corrected QT was also correlated with ischaemic
heart disease and nephropathy but this relation ap-
peared to be stronger in males than in females. Male
patients with neuropathy or impaired heart rate vari-
ability or both showed a higher mean adjusted cor-
rected QT compared with male patients without this
complication. The relation between corrected QT
prolongation and autonomic neuropathy was not ob-
served among females. In conclusion we have shown
that corrected QT in insulin-dependent diabetic fe-
male patients is longer than in male patients, even in
the absence of diabetic complications known to in-
crease the risk of corrected QT prolongation. [Dia-
betologia (1999) 42: 68±75]
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tional study on a randomly selected Type I diabetic
group [2]. Moreover, previous studies did not adjust
for confounders such as age and HbA1c and com-
bined the results for both sexes, which could provide
misleading results due to the known differences in
QT interval duration between males and females [1,
16].

The EURODIAB IDDM Complications Study is
a cross-sectional clinic-based study of complications
in 3250 randomly selected Type I diabetic patients at-
tending 31 centres in 16 European countries. The
prevalence of acute metabolic and chronic complica-
tions (nephropathy, retinopathy and neuropathy) in
this study has recently been reported [17]. The aims
of the present analyses were to evaluate the preva-
lence of QT interval prolongation in the EURODI-
AB IDDM Complications Study and its relation to
sex, age, diabetes duration, metabolic control and
complications.

Subjects and methods

Details on the subjects and the procedures of the EURODI-
AB study have been published elsewhere [17]. In brief, 3250
patients with Type I diabetes were studied in 31 centres in 16
countries across Europe. There were 1668 males and 1582 fe-
males. Their mean (SD) age was 32.7 (10.7) years and dura-
tion of diabetes was 14.7 (9.3) years. HbA1c was centrally as-
sessed with an enzyme immunoassay and the mean (SD) was
6.7 (1.9)%.

All patients completed a questionnaire on demographic
variables, health related behaviours and diabetes history. Ret-
inopathy was assessed by retinal photographs centrally graded
by a single observer: each patient's level of retinopathy (ab-
sent, background or proliferative) was determined by the
worse eye [18]. Nephropathy was assessed using albumin ex-
cretion rate (AER) calculated centrally from a single timed
24 h urine collection. Normoalbuminuria was defined as AER
less than 20 mg/min, microalbuminuria as AER between
20 mg/min and 200 mg/min, and macroalbuminuria as AER
above 200 mg/min [19].

For the assessment of sensory neuropathy, vibration per-
ception threshold was measured using centrally calibrated bio-
thesiometres and age-related reference values [20]. Autonom-
ic neuropathy was assessed by measuring the change in heart
rate (heart rate variability) and blood pressure (postural hy-
potension) on standing upright after resting supine for at least
5 min. The cardiovascular tests were done and evaluated ac-
cording to the Ewing method [21]. A single observer calculated
the postural change in ECG-recorded heart rate as the ratio of
the longest R-R interval between the 28th and 32nd beats fol-
lowing standing to the shortest interval between the 13th and
17th beats. Blood pressure was measured once in the horizon-
tal position and once 60 s after standing using a Hawksley ran-
dom zero sphygmomanometer (Hawksley and Son, Lancing,
UK). Diabetic autonomic neuropathy was diagnosed in the
presence of postural hypotension with a fall in systolic blood
pressure of 30 mmHg or more or loss of heart rate variability
or both (R-R ratio < 1). Patients were asked about the pres-
ence of symptoms suggestive of neurological damage and an-
kle and knee reflexes were assessed. The presence of neuropa-
thy was defined as 2 out of 4 abnormalities among vibration

perception threshold, cardiovascular tests, symptoms and an-
kle/knee reflexes.

The presence of IHD was determined on the basis of 1) a
structured standardized questionnaire concerning the past his-
tory of angina or myocardial infarction and 2) a resting ECG
which was registered at a 25 mm/sec speed and 10 mm/mV
gain and centrally classified according to Minnesota Codes
[22].

QT interval. RR and QT intervals were measured with a ruler
on the resting ECG tracing which was available for 3147 pa-
tients: five consecutive beats were considered on lead V5. The
QT interval was taken from the beginning of the QRS complex
to the end of the downslope of the T wave (crossing of the iso-
electric line) [23]. The QT interval corrected for the previous
cardiac cycle length (QTc) was calculated according to the for-
mula proposed previously [24] and known as Bazett's formula
[25]: QTc = QT/(RR)1/2. Two observers unaware of the group-
ing of any subject measured all the intervals and the QTc for
each subject was taken as the mean value of the five calculated
intervals and the mean of the reading of the two observers to
minimize inter-observer variability as proposed previously
[12]. QTc greater than 0.44 s was considered abnormally pro-
longed, in accordance with the criteria commonly used in the
literature [1, 26, 27].

Statistical analysis. The t-test and chi-squared test were used to
test for group differences of crude means and crude propor-
tions respectively. Mean QTc levels were adjusted for con-
founding factors and group differences between means as-
sessed using least squares regression. Also, sex differences in
the associations between QTc and complications were assessed
by comparing regression coefficients and by including an inter-
action term in the regression models. Standardised regression
coefficients were calculated, for a continuous variable, as the
change in QTc duration associated with a raise of 1 standard
deviation of the variable and, for a categorical variable, as the
amount of QTc duration associated with the variable being
present compared to it being absent. Proportions of abnormal
QTc (QTc > 0.44 s) were directly standardized to the age and
HbA1 c distributions of the whole sample, and group differenc-
es assessed using the extended Mantel Haenszel chi-square
test. To assess sex differences of associations between abnor-
mal QTc and complications, contingency coefficients were
compared. The statistical analysis was made using the statisti-
cal package SAS.

Results

The prevalence of an abnormally prolonged QTc in
the whole population was 16%. The mean QTc was
0.412 s in males and 0.422 s in females (p < 0.001):
the prevalence of abnormal QTc prolongation was
11% in males and 21 % in females (p < 0.001). As
QT intervals were different between the sexes, sex
specific outcomes are presented.

A strong association was observed between
crude QTc and age, HbA1 c and duration of diabetes
(Table 1). There was no relation, however, between
the QTc interval and duration of diabetes after ad-
justing for age and HbA1 c, but the relation re-
mained significant between QTc and age after ad-
justing for duration and HbA1c and between QTc
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and HbA1 c after adjusting for age and duration.
Therefore, all subsequent analyses were adjusted
for these confounding factors (age and HbA1 c). A
significant relation was observed between QTc pro-
longation and both systolic and diastolic blood pres-
sure in males and females. A higher prevalence of
prolonged QTc was observed in male patients who

were current smokers and female who were ex
smokers (Table 1).

The relation between QTc and microvascular and
macrovascular complications of diabetes was as-
sessed (Table 2). In both, males and females, higher
QTc intervals were observed in those with raised al-
bumin excretion rates compared with those with nor-
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Table 1. Demographic details by the presence and absence of an abnormal QTc interval

Number (%) Males Females

QTc K 0.44 s QTc > 0.44 s QTc K 0.44 s QTc > 0.44 s
1441 (89) 173 (11) 1209 (79) 324 (21)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age, years 32.4 (10.1) 35.4 (10.4)d 32.2 (10.1) 34.9 (10.3)e

Duration, years 14.4 (9.2) 15.6 (9.4) 14.9 (9.2) 15.5 (9.5)
HbA1c, % 6.62 (1.83) 7.06 (1.84)c 6.70 (1.89) 7.03 (1.92)c

Meana (SD) Meana (SD) Meana (SD) Meana (SD)
BMI, kg/m2 23.6 (2.6) 23.4 (3.1) 23.4 (3.05) 23.7 (3.66)
Waist-to-Hip Ratio 0.88 (0.08) 0.89 (0.08) 0.81 (0.12) 0.80 (0.11)
Diastolic BP, mmHg 76.2 (11.3) 79.5 (12.0)d 73.5 (11.0) 77.0 (11.7)e

Systolic BP, mmHg 123.5 (16.7) 126.7 (20.8)b 117.9 (17.1) 121.8 (20.1)d

Insulin/Kg Body weight, U/kg 0.68 (0.40) 0.65 (0.18) 0.69 (0.30) 0.68 (0.21)
Insulin dose, U 49.0 (28.0) 45.6 (13.4) 42.4 (19.1) 42.4 (13.8)

%a %a %a %a

Smoking Status
Ex- 21.8 20.8 12.7 17.4b

Current 34.2 41.3b 28.7 30.7
Maximum Exercise
Mild, < once a week 13.2 11.7 7.6 0.6d

Mild, weekly 86.1 88.3 92.4 99.4
Moderate, weekly 51.7 41.7 46.1 46.1
Vigorous, weekly 41.9 41.4 21.1 21.5
a Adjusted for age and HbA1c
Significant difference between QTc K 0.44 s and QTc > 0.44 s with: b p < 0.05; c p < 0.01; d p < 0.001; e p < 0.0001

Table 2. QTc interval by nephropathy, retinopathy and ischaemic heart disease

Males Females

Mean QTca

(95% CI)
QTc > 0.44 s Mean QTca

(95 % CI)
QTc > 0.44 s

Number %a (95% CI) Number %a (95% CI)

Albumin excretion

< 20 mg/min 0.410 (0.408, 0.411) 90 9.5 (7.4, 11.5) 0.421 (0.420, 0.423) 200 18.9 (16.3, 21.5)

20±200 mg/min 0.413 (0.410, 0.415) 41 10.8 (7.4, 14.3) 0.424 (0.422, 0.427)b 73 25.6 (19.4, 31.8)

201 + mg/min 0.418 (0.414, 0.422) 28 17.4 (10.0, 24.8) 0.424 (0.419, 0.428) 31 29.6 (17.2, 42.0)

P -value testing for trend 0.0003 < 0.02 0.08 < 0.02

Retinopathy

None 0.408 (0.406, 0.410) 42 6.8 (4.6, 8.9) 0.421 (0.419, 0.422) 111 17.2 (13.8, 20.6)

Non-proliferative 0.410 (0.407, 0.412) 52 10.6 (7.6, 13.6) 0.421 (0.418, 0.423) 80 19.9 (15.4, 24.3)

Proliferative 0.412 (0.408, 0.417) 11 7.6 (1.7, 13.4) 0.422 (0.419, 0.426) 31 18.3 (11.4, 25.3)

P -value testing for trend 0.14 0.7 0.7 0.3

Ischaemic heart disease

Absent 0.411 (0.409, 0.412) 150 10.3 (8.6, 11.9) 0.422 (0.421, 0.423) 282 19.8 (17.5, 22.1)

Present 0.423 (0.418, 0.428) 23 18.9 (10.3, 27.6) 0.429 (0.425, 0.433) 41 31.4 (20.2, 42.5)

P -value testing for differences
between means 0.0001 0.002 0.002 < 0.001
a Adjusted for age and HbA1c
b Significantly different from mean for albumin excretion < 20 mg/min, with p < 0.05



mal rates and this relation was stronger in males than
in females, even though for each level of complica-
tion status, females had a higher QTc than males.
The regression coefficient (b) for AER, in males,
was 0.002 (p = 0.0003) and in females was 0.0009
(p = 0.08), however, the interaction between sex and
AER was not significant. After adjusting for other
variables as associated with abnormal QTc, i. e. blood
pressure and smoking status (Table 1), the associa-
tion between QTc and AER persisted in males (p =
0.001) but was somewhat attenuated for females

(p = 0.3) (Table 3). Higher QTc intervals were also
observed in those with evidence of IHD by medical
history and resting ECG compared with those with-
out IHD and, again, the association was stronger in
males than females. For IHD, b was 0.01 (p =
0.0001) in males and was 0.006 (p = 0.002) in females
(p < 0.05 for the interaction between sex and IHD).
Adjusting for AER and other variables associated
with QTc, in the sex specific analysis, and also in the
analysis examining the interaction between sex and
IHD, the association between IHD and QTc persist-
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Table 3. Multivariate analysis examining the independent association of diabetic complications with QTc interval

Males Females

Standardised
regression
coefficient

SEM p -value Standardised
regression
coefficient

SEM p -value

Model 1
Albumin excretion rate 0.002 0.00066 0.001 0.0005 0.00064 0.3
Systolic blood pressure 0.002 0.00068 0.002 0.003 0.0007 0.0001
Ex-smoking 0.002 0.0017 0.2 0.003 0.0018 0.06
Current smoking 0.003 0.0014 0.02 0.001 0.0014 0.4

Model 2
Ischaemic heart disease 0.01 0.0025 0.0001 0.006 0.0022 0.008
Albumin excretion rate 0.002 0.00067 0.005 0.0004 0.00064 0.6
Systolic blood pressure 0.002 0.00068 0.003 0.003 0.00068 0.0001
Ex-smoking 0.002 0.0017 0.2 0.003 0.0018 0.07
Current smoking 0.003 0.0014 0.02 0.001 0.0014 0.4

Model 3
Peripheral neuropathy 0.004 0.0016 0.009 0.0009 0.0015 0.5
Albumin excretion rate 0.002 0.0007 0.01 0.0004 0.0007 0.6
Systolic blood pressure 0.002 0.0007 0.0008 0.003 0.0007 0.0001
Ex-smoking 0.002 0.0018 0.4 0.004 0.0018 0.04
Current smoking 0.003 0.0015 0.07 0.0004 0.0014 0.8

All models also included age and HbA1c

Table 4. QTc by peripheral and autonomic neuropathy

Males Females

Mean QTca

(95% CI)
QTc > 0.44 s Mean QTca

(95% CI)
QTc > 0.44 s

Number %a (95% CI) Number %a (95% CI)

Peripheral Neuropathy

Absent 0.410 (0.408, 0.411) 86 8.8 (6.7, 11.0) 0.422 (0.421, 0.423) 211 20.6 (17.8, 23.5)

Present 0.415 (0.413, 0.418) 76 15.2 (11.4, 19.0) 0.423 (0.421, 0.425) 85 20.1 (15.2, 25.0)

P -value testing for group
differences 0.0003 < 0.001 0.52 0.7

Heart rate variability
(R-R interval)

> 1 0.410 (0.409, 0.411) 105 8.8 (7.1, 10.5) 0.422 (0.421, 0.423) 239 20.1 (17.5, 22.6)

K 1 0.418 (0.415, 0.421) 59 20.6 (15.0, 26.2) 0.423 (0.421, 0.426) 58 21.5 (15.6, 27.3)

P -value testing for group
differences 0.0001 < 0.001 0.3 0.6

Fall in systolic BP

K 30 mmHg 0.411 (0.410, 0.413) 168 11.1 (9.4, 12.7) 0.422 (0.421, 0.424) 313 21.1 (18.9, 23.5)

> 30 mm Hg 0.411 (0.405, 0.416) 5 6.3 (0.7, 11.8) 0.420 (0.415, 0.425) 11 15.2 (5.9, 24.5)

P -value testing for group
differences 0.8 0.3 0.4 0.2
a Adjusted for age and HbA1c



ed (Table 3). There was no association of QTc with
retinopathy in either males or females.

The relation between QTc and neuropathy and
heart rate variability were significant in males and
these associations persisted even after adjustment for
confounding factors, i. e. blood pressure and smoking
(Table 4). Longer QTc intervals were observed in fe-
males with neuropathy and abnormal heart rate vari-
ability compared with those without, however these
differences were not statistically significant.

Discussion

Several studies have described a poor survival prog-
nosis for patients with Type I diabetes compared
with non-diabetic populations. Sudden death has
been reported as a common cause of death in insu-
lin-dependent diabetic patients affected by autonom-
ic neuropathy [21, 28±33]. Based on observations of
the long QT syndrome [34, 35] and of sudden infant
death [36, 37], it has been postulated that QT prolon-
gation predisposes to cardiac arrhythmias and sudden
death. The present study represents the largest study
in which the QT interval has been measured in pa-
tients with Type I diabetes [2, 9±15] and offers the op-
portunity to examine exposure-complication rela-
tions in a large sample of European patients.

To reduce the bias introduced by errors in manual
measurements, all the ECGs were recorded at the
same paper speed and read by two observers as has
been suggested [38, 39]. The mean of the two readings
has been used for analysis to reduce the bias of inter-
observer variability [12]. Although QTc does not vary
much within people [40], 5 QT intervals and their cor-
responding RR intervals were measured, as a single
cardiac cycle is possibly insufficient to represent a per-
son's long term QTc interval length. Electrolytes, left
ventricular hypertophy and drug information were
not available in the EURODIAB study. This repre-
sents a limit in the interpretation of results: however,
since this sample of patients is relatively young, the
prevalence of left ventricular hypertrophy and per-
centage of patients with electrolytes disturbances or
being prescribed relevant drugs or both should be
very small and have little impact on the findings.

The QT interval duration was higher in females
than in males and was independently associated with
age and HbA1c. Moreover, an association was found
with risk factors for mortality including blood pres-
sure and smoking. The QTc was also correlated with
IHD and nephropathy and this relation appeared to
be stronger in males than in females. There was no re-
lation between QT interval duration and retinopathy.

It has been shown that QTc interval is similar in
boys and girls below age 15 years of age: thereafter,
females tend to have longer QTc intervals than males
[16]. Our findings confirm previous data reported in

large studies of healthy groups [1], where the preva-
lence of QTc greater than 0.44 s was 5.02% in males
and 15.9% in females. Unfortunately, the majority
of studies of QT interval in diabetic patients are re-
stricted to males or do not take sex into account.
The difference between males and females is men-
tioned in many studies on QT intervals in non-diabet-
ic subjects, but its physiological basis is still not clear.

Since QT interval has been shown to adapt in dif-
ferent ways to changes in heart rate in males and fe-
males [41], the use of a single heart rate correction
formula could induce a sex-related error and a false
sex difference in QTc length. On the other hand,
some observations suggest an intrinsic sex-related
difference in cardiac myocyte membrane action po-
tentials. Females are at a higher risk of Torsade de
Pointes during quinidine treatment and recently it
has been shown that they have a greater increase in
QTc interval for similar plasma drug concentrations
compared with males [42]. Also female first-degree
relatives of patients with congenital long QT syn-
drome have a higher risk of cardiac events [43].
Moreover, it has been shown in rabbits that outward
myocyte potassium currents are slower in females
than in males, accounting for longer QTc intervals in
this model [36, 44].

Since cardiac ischaemia possibly prolongs the QTc
interval by increasing the repolarization time [3] and
prolonged QTc intervals have been described in post
myocardial infarct patients [4±7, 45, 46], we evaluated
the relation of QTc with IHD. Furthermore, pro-
longed QTc in IHD has been proposed as a risk factor
for increased mortality [4±7], but this has been chal-
lenged [3, 45, 46]. In the EURODIAB study, the
prevalence of IHD was 9 % in males and 10 % in fe-
males, whereas the prevalence of silent ischaemia
(defined as ECG changes without prior positive his-
tory) was 6% [22]. The similar prevalence of IHD in
males and females in the EURODIAB study would
appear to rule out IHD as the cause of the higher
prevalence of QTc prolongation in females compared
with males. It is possible that IHD exerts a different
effect on QTc prolongation in the sexes or QTc pro-
longation is associated with a different survival rate
or both. This hypothesis cannot be evaluated in the
present study because of its cross-sectional design
but is supported by a recent study [47] in which QTc
has been shown to be a significant independent pre-
dictor of mortality only in male postinfarction pa-
tients, with longer mean QTc and a lower mortality
in female patients.

We found that mean adjusted QTc and the adjust-
ed prevalence of QTc prolongation were associated
with the presence of IHD in both sexes, although the
relation was stronger in males. (The coefficient of
contingency for males was 0.1 and for females
0.077). This relation suggests a possible role of
IHD, even silent, in the pathogenesis of QTc pro-
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longation in Type I diabetic patients. In the EU-
RODIAB study the prevalence of IHD was as-
sessed by means of a resting ECG and it is known
that an exercise ECG can reveal IHD more often
in Type I diabetic patients [48]. Therefore, in a
proportion of the patients with abnormal QTc and
absence of IHD on resting ECGs (10.3% of males
and 19.8% of females) QTc prolongation could be
attributed to undiagnosed cardiac ischaemia.

The association of age and blood pressure with QTc
interval prolongation suggests that left ventricular hy-
pertrophy could affect duration of QT. We cannot ex-
clude this hypothesis as data on left ventricular hyper-
trophy were not available in the EURODIAB study
but as those studies were relatively young, the preva-
lence of left ventricular hypertrophy would therefore
be small and have little impact on the findings.

An association between QTc abnormalities and di-
abetic nephropathy is suggested by previous studies.
Patients affected by Type I diabetes who develop pro-
teinuria have a poor survival prognosis [49]. They
show a high prevalence of IHD [50] and autonomic
neuropathy [51, 52] which, in turn, are both associat-
ed with QTc prolongation [3, 53] and a higher total
and sudden mortality rate [14, 15, 54]. Recently a sig-
nificant relation between QTc prolongation and mor-
tality in Type I diabetic patients with overt proteinur-
ia ( > 500 mg/24 h, no replacement therapy) was re-
ported [8]. This suggests a role for QTc prolongation
in the excess mortality of Type I diabetic patients
with this complication, independently of autonomic
neuropathy.

In our study, we describe for the first time an inde-
pendent relation between QTc duration and AER in
males and in females, with a higher prevalence of
QTc prolongation even in patients with microalbu-
minuria compared with those with normoalbumin-
uria. This association was again slightly stronger in
males than in females: the prevalence of prolonged
QTc in females with normoalbuminuria was higher
than in males with macroalbuminuria, with a trend
similar to that observed for IHD.

The interest in exploring the relation of QTc with
diabetic neuropathy derives from several observa-
tions. Experimental manipulations of the sympathet-
ic nervous system have suggested that QTc duration
is influenced by autonomic tone and QTc prolonga-
tion is regarded as the consequence of an imbalanced
distribution of autonomic nervous system activity in
the heart [1, 55, 56]. A role of autonomic neuropathy
in the QTc prolongation in diabetic patients has
been proposed after the observation that diabetic pa-
tients with it show longer QTc compared with those
without this complication [2, 9±13, 15]. A relation be-
tween QTc duration and results of cardiovascular
tests for the assessment of autonomic function has
been observed, leading to the proposal of QTc as a di-
agnostic tool for autonomic neuropathy [12, 53].

In our study male patients with neuropathy or im-
paired heart rate variability (an index of autonomic
dysfunction) or both showed a higher mean adjusted
QTc compared with male patients without this com-
plication. A similar trend was observed for the preva-
lence of QTc prolongation suggesting a role for auto-
nomic dysfunction in QTc prolongation in male pa-
tients. The relation between QTc prolongation and
autonomic neuropathy was not observed among fe-
males. Note that female patients without neuropathy
or impaired heart rate variability show an adjusted
mean QTc and a prevalence of QTc prolongation sim-
ilar to those of male patients with the complication.
It is possible that some unidentified factors cause
QTc prolongation in females to an extent that the
presence of autonomic neuropathy is no more influ-
ential.

The EURODIAB IDDM Complication Study is a
clinic-based and not a population-based study. The
great majority of Type I diabetic patients in Europe,
however, attend centres such as those taking part in
the study. Nevertheless some degrees of selection
bias could have occurred but, as we have argued pre-
viously [17], this should result in an underestimation
of the risk factor/complication relation we are ob-
serving.

In conclusion, we have shown that QTc in Type I
diabetic female patients is longer than in males, even
in the absence of diabetic complications known to in-
crease the risk of QTc prolongation.
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