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Power spectral analysis of the electrocardiogram in diabetic children
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Summary. In recent years it has been shown that alteration in
heart rate variability can be used for the objective assessment
of autonomic function in adult diabetic patients. Using a
microcomputer based system for on-line monitoring and
analysis of heart rate variability by power spectral analysis,
100 children with Type 1 (insulin-dependent) diabetes melli-
tus were studied. A highly significant negative correlation
was identified between heart rate variability and duration of
diabetes (r = —-0.88, p <0.0001). The mean heart rate vari-
ability in patients with diabetes of duration 3 years or more
was significantly lower in comparison to age-matched control
subjects. A highly significant negative correlation was evi-

dent between heart rate variability and mean HbA, in pa-
tients with duration of diabetes of 5 years or more. A mean
HbA, over 10% during this period was associated with the
greatest reduction in heart rate variability. Serial measure-
ments of heart rate variability in diabetic children may be of
predictive value prior to the onset of symptomatic neuro-
pathy.

Key words: Type 1 (insulin-dependent) diabetes mellitus,
autonomic neuropathy, heart rate variability, power spectral
analysis, electrocardiogram.

Measurable autonomic defects affect as many as one sixth
of all diabetic patients [1]. Those patients who are sympto-
matic have a poor prognosis with up to 50 % dying within
5 years [2,3]. Quantitative bedside tests for measuring au-
tonomic function have been available for nearly 20 years
[4, 5] and of these the measurement of variability in heart
rate remains a sensitive reproducible and specific test [6].
Previousstudiesinadult diabetes mellitushave shownare-
duction in heart rate variability (HRV) in both sympto-
matic and asymptomatic autonomic neuropathy [7, 8].
Studies of HRV in diabetic children and adolescents have
been few as it is felt that clinical neuropathy occurs infre-
quently [9]. Gruneklee et al. did however find a reduction
in HRV in children with clinical evidence of neuropathy
[10]. The present battery of cardiovascular function tests to
detect early neuropathic changes are unsuitable in a child-
hood population as they are invasive or complex [11,12].

For this reason we have developed a microcomputer-
based system for on-line monitoring and analysis of HRV
using power spectral analysis [13-17] (Fig.1). Similar
techniques in adult diabetic patients have shown a reduc-
tion in HRV in patients with autonomic neuropathy com-
pared to healthy control subjects [14-16, 18, 19].

In a pilot study involving 30 children and adolescents
aged 9-16 years, a reduction in HRV with increasing du-

ration of diabetes was noted. Poor diabetic control also
appeared to be associated with a similar reduction in HRV
[20]. These findings prompted us to investigate whether
autonomic dysfunction exists in a larger group of children
with diabetes, and, if so, is it related to the duration of
diabetes and/or the degree of glycaemic control?

Subjects and methods

Between November 1988 and June 1989, 100 consecutive children
and adolescents (48 girls) aged between 2 and 17 (mean 11.1) years
were studied while attending the diabetic clinic in the Royal Belfast
Hospital for Sick Children. Their duration of diabetes ranged from
0.5-15 (mean 5.2) years. Prior to performing HRYV studies each child
had a full clinical assessment. Blood pressure was recorded in the
standing and lying position using a Hawksley random zero sphygmo-
manometer. Neurological symptoms and disability scores as devised
by Dyck were calculated for each patient [21]. This scoring system
detects and grades the severity of neuropathy based on evaluation of
neurological symptoms using a neurological symptom score and
evaluation of neurological signs using a neurological disability score.
It includes a questionnaire on the presence or absence of differing
symptoms including grades of muscle weakness, sensory disturban-
ces and autonomic symptoms. A clinical assessment of the neuro-
logical system is then made to detect the presence of defects affecting
the peripheral nexvous system. Examination of the fundi was per-
formed on each subject to detect the presence of retinopathy. Fol-
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patient was resting in the supine position over a 10 min period. The
ECG was recorded using a Corometrics 505 cardiorespiratory moni-
tor (Corometrics Medical Systems Inc., Wallingford, Conn., USA),
and transferred directly onto a portable device [13].

The heart rate signal was obtained from an output terminal at the
rear of the monitor and fed into a microprocessor-based recording
system. The data retrieval system timed, displayed and saved the
heart rate information in random access memory. The data was then
transferred to an Apple-based microcomputer for display, analysis
and storage on magnetic disk. The ECG signal entering the data re-
trieval system was filtered to remove interference and the R peak of
the ECG detected nsing an analogue detection method [22]. The R-
R interval was measured to an accuracy of 0.1 ms. A sample consist-
ing of 512 consecutive R-R intervals was selected from the children’s
heart rate recordings. In the study this amounted to a recording peri-
od of between 3 and 7 mins depending on the individual patient’s
heart rate. To obtain an artefact-free sample no patient required a
total ECG recording time of greater than 10 min. The power spec-
trum was evaluated using a 256-point fast Fourier transform routine
and implemented on the Apple microcomputer. The average power
spectrum provides a pictorial representation of the variations of the
heart rate signal [23].

A measure of spectral power has been developed which repre-
sents the overall variability present in the heart rate signal in the fre-
quency range 0.01-0.2 Hz. Other bands have been studied pre-
viously and this frequency range has proved to be the most
discriminative for clinical prediction [17, 24]. Most activity is below
0.1 Hz with a strong peak at 0.05 Hz (Fig. 2). This includes the domi-
nant spectral component observed around 0.1 Hz (Mayer waves)
which is felt to represent baroreceptor activity [25]. Other spectral
components including those related to respiratory arrhythmia
(0.25 Hz) which could previously have influenced the interpretation
of the R-R interval are hence excluded. Measurement of the area
under the spectral plot quantifies the HRV. Spectral power is a
measure of the square of the amplitude of the fluctuations of the
heart rate (8%/Hz) divided by 1,000 for clarity of presentation.

Immediately following the HRV measurement a blood sample
was taken for random plasma glucose and HbA,;. Consecutive Hb A,
measurements were documented every 3 months from the diagnosis
of diabetes and a mean HbA, value for each patient was estimated
over this period. The control group consisted of 50 children matched
for age and sex who also had a full clinical assessment as well as HRV
measurement performed. These children had been admitted to hos-
pital for minor elective surgery or were convalescing after minor
surgery. None had any known medical history or intercurrent illness.
The protocol received ethical committee approval.

Statistical analysis

Theresults are expressed asmean * 1 SD. Linear regression analysis
was used to describe the relation between the diabetic parameters
and power spectra. Statistical significance was analysed by the Stu-
dent’s -test. p < 0.05 was considered significant.

None of the diabetic children studied showed any evi-
dence of neurological impairment with symptom scores
<4 (median patient score = 2, control score = 1, NS by
Mann-Whitney U test) and no signs of peripheral or au-
tonomic neuropathy [21]. There was no evidence of postu-
ral hypotension (a fall in systolic blood pressure of more
than 20 mm Hg on standing), in either the study or control
group. Age-related blood pressure recordings were also
not significantly different between either group. None of
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Fig.2. Pictorial representation of power spectral plot in healthy con-
trol (top panel) and diabetic patient (bottom panel) with autonomic
neuropathy. The area under the curve represents spectral power
(S*Hz) and is markedly reduced in the patient
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Fig.3. Power spectral values for diabetic children ( + ) in relation to
age, compared with the 95 % confidence limits for values obtained in
control subjects (=)

the patients studied showed evidence of retinopathy on
funduscopic examination. There was no significant dif-
ference between resting heart rates measured in cither
study or control group.

In the control group HRV diminished slightly with in-
creasing age (Fig.3). The mean value for all control sub-
jects was 23.4 +4.3. The majority of diabetic patients had
lower values of HRV than age-matched control subjects
(being below the 95 % confidence limits).

In the study group HRV was reduced with increasing
duration of disease (r = —0.88, p <0.0001) (Fig.4). The
mean HRV in patients with diabetes of less than 3 years
was not significantly different from age-matched control
subjects (22.5+2.0 vs 23.4+4.3). With a duration of
diabetes of 3 years or more, significant reduction in HRV
was present (13.4 3.6 vs 23.4 £4.3, p < 0.05). Multiple re-
gression analysis demonstrates that the effect of duration
of diabetes on HRV is much greater (p < 0.0001) than that
of age which is not statistically significant (p = 0.62).

On comparing HRV with control of diabetes as indi-
cated by mean HbA,, a fall in HRV was evident with wor-
sening control (r = —0.47, p <0.001). This became even
more significant in patients with duration of diabetes of
5 yearsormore(r = —0.81,p <0.0001) (Fig.5). The lowest
values of power were found in those children with diabetes
present for more than 5 yearsandmean HbA, greater than
10% (¥ig.6). There was no correlation between HRV and
random blood glucose taken at the time of the recording.

Discussion

Diabetic autonomic neuropathy is generally thought to be
a late complication because it is only detected in patients
with diabetes of long duration. Asnewer techniques to test
autonomic function have been developed it has become
clear that autonomic nervous dysfunction is present much
earlierin the course of diabetes. Current studies have cen-
tred on impairment of various cardiovascular reflexes, but
they have involved manual measurements of physiological
parameters and required active co-operation of the pa-
tient. Alterations in HRV can be used for the objective as-
sessment of autonomic function and is known to precede
the development of symptoms in the adult [18, 19]. This
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may also be the case in children with diabetes even though
neuropathy is generally unrecognised in this age group. A
non-invasive approach with no active patient co-operation
is obviously preferable in childhood. Spectral analysis of
beat-beat R-R interval variations on a continuous ECG
fulfils this criteria. We found the measurement of HRV in
both study and control groups easy to perform in children.
The degree of co-operation of the patient resting in the
supine position during the procedure was very high even
in the pre-school age group. Obtaining an artefact-free
recording of 512 successive (R-R) beats required for the
analysis was not difficult.

Our results confirm a reduction in HRV with increasing
duration of diabetes as has previously been reported from
our pilot study [20], and which is now well-documented in
adult diabetic patients [14-16, 18, 19]. The reduction in
HRYV reaches statistical significance after a period of only
3 years. Multiple regression analysis reveals that duration
of diabetes has a highly significant effect on HRV com-
pared to age, confirming that the marked fallin HRVisnot
related toincreasing age. Gruneklee etal., using traditional
methods for the measurement of HRV, found reduced le-
vels only in those children with clinical evidence of neuro-
pathy, suggesting that a decrease in HRV correlates with
the presence of neuropathy but does not precede it {10].
Our results using spectral analysis have the sensitivity re-
quired to detect alterations in HRV prior to the onset of
clinically demonstrable autonomic neuropathy. Although
powerspectralanalysisof the ECGisstillaresearch tool for
the detection of autonomic dysfunction in the adult
diabetic patient, its application in a childhood population
has distinct advantages over the existing cardiovascular
tests of autonomic function in that it is less invasive, less
time consuming, and less upsetting for the young patient.

In this study a reduction in HRV is also noted with wor-
sening control of diabetes as depicted by serial measure-
ments of mean HbA over this period. The lowest levels of
HRY are seen with duration of diabetes of 5 years ormore
and HbA, over 10%. In order to test the reliability and
sensitivity of this technique we are currently performing
HRYV studies in an adult diabetic population, comparing
diabetic patients with established clinical neuropathy to
healthy control subjects. Follow-up studies will determine
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Fig.4. The relationship between heart rate variability and duration
of diabetes
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tient groups

if changes in HRV are predictive of the subsequent devel-
opment of autonomic neuropathy and whether a reduc-
tion in HRV can be reversed by improving glycaemic
control. Unlike traditional techniques for detection of au-
tonomic neuropathy, this method allows serial monitoring
of HRV during routine clinic visits, is easy to perform and
actively enjoyed by the children.
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