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A simple method for evaluating alterations in cardiac
sympathetic innervation may be measurement of
the Q-T interval. Seventy-three diabetic patients (46
insulin dependent and 27 non-insulin dependent) were
separated into four groups based on the presence and
degree of cardiac autonomic neuropathy (CAN) with
noninvasive cardiovascular reflexes and blood pressure
responses. None of the patients had evidence of
ischemic heart disease, kidney disease, or the idiopathic
long Q-T-interval syndrome. The corrected Q-T interval
(Q-Tc) was determined at rest with Bazett's formula. As
a group, diabetic patients with >2 abnormalities of
cardiac autonomic function had a longer Q-Tc interval
than those with no evidence of CAN. Diabetic patients
with >1 abnormality had a prolonged Q-Tc interval
compared with a control group of 96 healthy nondiabetic
subjects (mean ± SD 397 ± 18). The frequency of
prolonged (>433 ms, normal mean + 2SD) resting
Q-Tc intervals increased with the increasing number
of abnormalities (0, 1, 2, >3): 11, 25, 41, and 75%,
respectively. Twenty-three of 25 (92%) patients with a
Q-Tc >433 ms had evidence of CAN. However, 57% (31
of 54) of the patients with CAN had a normal Q-Tc
interval. These data provide further evidence of a
relationship between the presence and severity of CAN
and degree of Q-Tc interval prolongation. Compared
with cardiovascular reflexes and blood pressure tests for
CAN, the Q-Tc interval in the group of diabetic patients
studied without evidence of heart or kidney disease was
an insensitive but specific marker. An abnormal Q-Tc
interval may be an additional diagnostic tool for
evaluating CAN in patients with diabetes mellitus.
Diabetes Care 13:68-71, 1990

bnormal autonomic nervous system function is
a common complication of diabetes mellitus
(1). Congenital or pharmacological perturbation of the autonomic nervous system may result in prolongation of the Q-T interval (2,3). Flugelman
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et al. (4) and Merdler et al. (5) suggested that Q-T
interval prolongation in diabetic patients was a consequence of autonomic neuropathy. We previously
demonstrated the existence of a relationship between
severity of cardiac autonomic neuropathy (CAN) and
degree of Q-T interval prolongation in a small group of
diabetic patients without ischemic heart disease (6). Bellavere et al. (7,8) found similar results.
The long-term prognosis is poor for diabetic patients
with autonomic neuropathy, with mortality rates estimated to approach 45% within 2.5 yr (9). To objectively
diagnose CAN a battery of tests, including postural blood
pressure responses and noninvasive cardiovascular reflex testing, were often used (10). These tests are sensitive and reproducible but are labor intensive. We
examined the possibility that analysis of a routine electrocardiogram may also provide a noninvasive measurement of CAN. In this study, we examined the value
of the resting Q-T interval as a potential marker for the
presence and degree of CAN in a large cohort of patients
with diabetes mellitus.

RESEARCH DESIGN AND METHODS
Seventy-three patients with either insulin-dependent
(n = 46) or non-insulin-dependent (n = 27) diabetes
mellitus were studied. These patients were divided into
four groups based on their autonomic function score
(CAN score), as described below. None of the diabetic
patients were on fJ-blockers or other medications known
to affect cardiac repolarization. All had normal serum
creatinine levels. Ninety-six age-matched healthy nondiabetic subjects were used as study controls. All of the
healthy control subjects had normal resting electrocardiograms, as determined by an independent cardiologist. All had normal resting systolic and diastolic blood
pressures and none took any medications. Clinical fea-
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mean squares. Significant differences were accepted at
the 95% confidence interval level (P < 0.05).
RESULTS
Incidence of CAN. Of the 73 patients with diabetes,
54 had at least one abnormal test for CAN and 19 had
no evidence of autonomic dysfunction (group 0, CAN
score 0). Group 1 (CAN score 1) was comprised of 15
patients with an abnormal HRV with deep breathing, 2
patients with an abnormal Valsalva ratio, 2 patients with
an abnormal blood pressure response, and 1 patient
with an abnormal resting heart rate. Group 2 (CAN score
2) was comprised of 17 patients with abnormalities in
both the HRV with deep breathing and Valsalva ratio, 3
patients with abnormalities in both the HRV and resting
heart rate, 1 patient with abnormalities in the Valsalva
ratio and resting heart rate, and 1 patient with abnormalities in both the HRV and blood pressure response.
Nine patients had three abnormal CAN tests, and 3 patients had four abnormal CAN tests. These 12 patients
comprised group 3 (CAN score 3 or 4). There were no
significant clinical or demographic differences between
the four groups (Table 1). The incidence of autonomic
neuropathy in insulin-dependent diabetes mellitus (32
of 46, 70%) was not different from non-insulin-dependent diabetes mellitus (22 of 27, 81%), and it was not
different between men (28 of 35, 80%) and women (26
of 38, 68%).
Distribution of resting Q-Tc intervals. The resting QTc interval ranged from 355 to 436 ms (median 398) for
healthy control subjects and from 354 to 490 ms (median 412) for patients with diabetes. The Q-Tc values
(mean ± SE) for male and female healthy control subjects were not different (395 ± 8 and 399 ± 8 ms,
respectively). Similarly, mean ± SE Q-Tc values for
male (423 ± 5 ms) and female (419 ± 3 ms) diabetic
patients were not different. The overall mean resting QTc interval for healthy control subjects was 397 ms with
an SD of 18. Therefore, a Q-Tc interval >433 ms (nor-

TABLE 1
Clinical characteristics of study subjects

Age (yr)

Sex (M/F)

42 ± 1 (18-73)

49/47

Subjects

Control
96
Diabetes (CAN score)
0
19
1
20
2
22
3 or 4
12

38
44
45
39

±
±
±
±

3
3
3
4

(19-57)
(20-64)
(23-63)
(20-67)

7/12
11/9

10/12
7/5

BMI (kg/m

2

Diabetes
duration
(yr)

Type of diabetes
(IDDM/NIDDM)

HbA lt

24.5 ± 0.5 (17.3-35.5)
23.7
24.9
27.0
23.2

±
±
±
±

1.0(18.1-38.6)
1.0(18.7-38.6)
1.1 (16.8-37.6)
1.5 (17.1-33.9)

14/5
11/9
12/10
9/3

16
15
14
16

±2
±2
±2
±2

(3-32)
(2-40)
(1-41)
(8-27)

8.9
9.4
9.7
10.2

±
±
±
±

0.6 (5.7-14.8)
0.6 (5.3-15.2)
0.5 (6.6-13.8)
1.0(5.6-14.3)

Results are expressed as means ± SE with ranges in parentheses. BMI, body mass index; IDDM, insulin-dependent diabetes mellitus; NIDDM,
non-insulin-dependent diabetes mellitus; HbAlc, glycosylated hemoglobin; CAN, cardiac autonomic neuropathy.
*Normal laboratory range 4-8%.
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tures of the diabetic and control groups are summarized
in Table 1. None of the study subjects (both healthy
control subjects and diabetic patients) had evidence of
ischemic heart disease on history or on resting electrocardiogram and none had prolonged QRS complexes.
All subjects had normal serum electrolytes, none had a
history of syncope or a family history of sudden death,
and none were deaf. Informed written consent was obtained from each study subject, and the study was approved by the Institutional Review Board Human Use
Committee at the University of Michigan Medical Center.
Measurement of Q-T interval. After the study subject
had rested in the supine position for 15 min, the Q-T
intervals of five nonconsecutive sinus beats were measured to the end of the T wave on electrocardiogram
tracings taken at a paper speed of 50 mm/s. The Q-T
interval corrected (Q-Tc) for the cardiac cycle length
was calculated according to Bazett's formula Q-Tc =
Q-T/(R-R)'* (11). The Q-Tc interval for each patient was
taken as the mean value of the five measurements made
and was reported in milliseconds.
CAN evaluation. Diabetic patients were tested for CAN
with noninvasive cardiovascular reflex tests, resting
heart rate, and postural blood pressure responses, as
described previously (12). Modification of a previously
described scoring system was used to estimate the extent
of autonomic nervous system dysfunction (13). Briefly,
each patient was assigned an autonomic function score
(CAN score) based on the results of the following tests:
7) heart-rate variation (HRV) with deep prolonged
breathing, 2) heart-rate response to Valsalva maneuver,
3) resting heart rate, and 4) systolic blood pressure response to standing. Each test was graded as normal or
abnormal and patients were assigned a CAN score from
0 to 4 based on the number of abnormal tests.
Statistical methods and analyses. Differences between
groups and variables were tested by one-factor analysis
of variance, Student's unpaired t test, x 2 " test / ar>d Fisher's exact probability test where appropriate. Correlations among variables were tested by the method of least
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HRV, Valsalva ratio, and resting heart rate, and 3 patients had combined abnormalities in HRV, Valsalva ratio, and blood pressure response. Each patient with four
CAN abnormalities had a resting Q-Tc interval of 450
ms.

t

i
•=•

i

f

420-

g

DISCUSSION

I

400-

M
A

I
0

I
1

I
2

I
3, 4

CAN Score

FIG. 1. Resting corrected Q-T (Q-Tc) intervals versus cardiac autonomic neuropathy (CAN) score. Resting Q-Tc
intervals for healthy control subjects are shown, m,
Means ± SE; shaded area represents range of Q-Tc values
considered abnormal (>433 ms); A, control subjects.
*P < 0.01 vs. 0. \P < 0.0001 vs. 0 and 1, P < 0.001 vs. 2.
Q-Tc in diabetic patients with CAN >1 were significantly
greater than control subjects.

mal mean + 2SD) was considered prolonged. Twentyfive diabetic patients had a prolonged (>433 ms) Q-Tc
interval. There were no differences in age, sex, body
mass index, type of diabetes, duration of diabetes, and
glycosylated hemoglobin between diabetic patients with
a Q-Tc interval >433 ms and patients with a Q-Tc interval <433 ms.
Q-Tc interval prolongation and CAN. Resting Q-Tc
intervals are shown for healthy control subjects and for
each group of diabetic patients (Fig. 1). As a group,
diabetic patients with >1 CAN abnormality had a significantly longer Q-Tc interval compared with healthy
control subjects. Twenty-three of 25 (92%) patients with
a Q-Tc interval >433 ms had evidence of CAN. Compared with the diabetic group without evidence of CAN
(group 0), there was a greater frequency of prolonged
(>433 ms) Q-Tc intervals in group 3 (CAN score = 3
or 4) (75%; P < 0.0005) and in group 2 (41%; P <
0.05). The increased frequency of prolonged Q-TC intervals in group 1 (25%) approached but did not achieve
statistical significance. Four of 5 group 1 patients (CAN
score 1) with a prolonged Q-Tc interval had an abnormal HRV with deep breathing, and 1 patient had an
abnormal resting heart rate. Every group 2 patient (CAN
score 2) with a prolonged Q-Tc interval (n = 9) had an
abnormal HRV with deep breathing. Of these 9 patients,
8 also had an abnormal Valsalva ratio, and 1 patient
had an abnormal resting heart rate. Six of 9 patients with
three CAN abnormalities had a prolonged Q-Tc interval.
Of these 6 patients, 3 had combined abnormalites in
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n this study, we investigated the relationship between Q-Tc interval prolongation and presence and
extent of CAN in a large cohort of patients with
diabetes mellitus. The results confirmed and extended our previous observations (6) and those of others
(7,8) of a relationship between resting Q-Tc interval prolongation and presence and degree of autonomic dysfunction in diabetes. Twenty-three of 25 (92%) diabetic
patients with a prolonged (>433 ms) resting Q-Tc interval had evidence of CAN. However, the Q-Tc interval
cannot be used alone to prospectively assess CAN because 57% (31 of 54) of patients with CAN had a normal
Q-Tc interval. The resting Q-Tc interval is an insensitive
but specific predictor of CAN in diabetic patients who
do not have clinical kidney or cardiac disease.
The pathophysiological mechanism for Q-Tc interval
prolongation in diabetic patients with CAN is unknown.
Scintigraphic mapping with the norepinephrine analogue [123I]MIBG has shown altered cardiac adrenergic
balance in diabetic patients with CAN (14). Therefore,
Q-Tc interval prolongation in diabetic patients with
CAN may result from an imbalance in cardiac sympathetic innervation. Altered cardiac sympathetic balance
may predispose diabetic patients with CAN to cardiac
arrhythmias and sudden death. We found nonuniform
loss of adrenergic innervation of the heart associated
with severe CAN and Q-T interval prolongation in one
patient who subsequently died unexpectedly (15). An
imbalance in cardiac sympathetic innervation may also
provide a pathophysiological basis for our previous findings of left ventricular dysfunction (16) and abnormal
cardiac responses to exercise in diabetic patients with
CAN (17).
In conclusion, the Q-Tc interval is an additional noninvasive diagnostic tool in the assessment of CAN in
diabetic patients. An abnormal resting Q-Tc interval
may be objective evidence for CAN, and the longer the
resting Q-Tc interval, the more severe the CAN. However, a normal resting Q-Tc interval does not exclude
the presence of CAN. We believe longitudinal studies
are necessary to determine the prognostic value of the
Q-Tc interval in the prediction of sudden cardiac death
in patients with diabetes.
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Preservatives in Insulin Preparations
Impair Leukocyte Function
In Vitro Study
m-Cresol and methyl p-hydroxybenzoate are
preservatives in insulin preparations. As previously
reported, in diabetic patients on continuous
subcutaneous insulin infusion, users of insulincontaining m-cresol had significantly more inflamed
infusion sites than users of insulin with methyl phydroxybenzoate. This study assessed the influence of
insulin with and without these preservatives on
leukocyte function. Leukocyte function was investigated
in a killing experiment, expressed as the percentage of
bacteria killed after 60 min incubation of bacteria
(Staphylococcus aureus), polymorphonuclear
leukocytes, serum, and insulin preparations. Because
preservative is retained by the infusion device, insulin
with preservative was tested before and after 1 and
4 days perfusion with a PVC pump catheter. After
perfusion, the amount of preservative was reduced
(percentage of original concentration after 1 and 4
days 8 and 30% m-cresol and 42 and 72% methyl
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p-hydroxybenzoate, respectively). The killing percentage
in insulin with m-cresol reduced compared with insulin
without preservative (mean ± SE 95.4 ± 0.8%) and the
control without insulin (95.8 ± 0.8%), both before and
after 1 and 4 days perfusion (74.8 ± 0.7, 80.2 ± 2.8, and
80.6 ± 1.6%, respectively; P < 0.01). The same occurred
in insulin with methyl p-hydroxybenzoate (85.0 ± 0.9%
before and 88.4 ± 0.9 and 86.2 ± 0.8% after 1 and
4 days perfusion; P < 0.05). All insulin preparations
with m-cresol caused lower killing percentages than
corresponding insulin preparations with methyl
p-hydroxybenzoate (P < 0.05). These results
demonstrate that both preservatives impaired leukocyte
function, but m-cresol was the most noxious in
this respect. This indicates that preservatives in
insulin preparations are possibly implicated in the
pathogenesis of local infections in continuous
subcutaneous insulin infusion. Diabetes Care 13:
71-74, 1990
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