
Autonomic neuropathy is a frequent complication of
diabetes mellitus and an additional risk factor for sud-

den death [1±5]. The autonomic dysfunction associat-
ed with diabetes mellitus is shown by changes in car-
diovascular [3], gastrointestinal and genitourinary sys-
tem dysfunction, pupillary dysfunction [6±7] and ab-
normal sweating [8]. The current consensus is that the
syndrome of diabetic neuropathy has a relatively ear-
ly, adolescent onset and develops earlier and more fre-
quently than had previously been thought [3]. The syn-
drome causes diffuse functional changes [4], the most
feared being changes in heart rhythm [9±10], because
they pose a risk of death from cardiac arrest, especially
during or immediately after surgical interventions
[11±14]. Some of these presumed cardiac events might
actually be respiratory arrests, resulting from an alter-
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Abstract

Aims/hypothesis. Patients with diabetes mellitus
commonly have cardiovascular autonomic dysfunc-
tion and an abnormal ventilatory pattern during
sleep. Few data are available on these changes in
childhood diabetes. We investigated whether young
diabetic children with or without diabetic neuropathy
have ventilatory dysfunction during sleep and if so,
whether these autonomic changes are related to the
duration of diabetes and glycaemic control.
Methods. We studied 25 children with insulin-depen-
dent diabetes mellitus (19 boys, mean age 7.72 �
1.99 years). All patients were insulin-dependent at di-
agnosis; blood samples for HbA1 c assay were collect-
ed on the morning before testing and at 3-month in-
tervals during the preceding year. Patients and con-
trol subjects (20 age-matched healthy children, 15
boys) underwent overnight polysomnography.
Results. More diabetic patients than control subjects
had sleep apnoeas (p = 0.006); apnoeas in patients

also lasted longer (p = 0.07). Patients with poorly
controlled diabetes had more apnoeas than patients
with well±controlled diabetes and than healthy con-
trol subjects (p < 0.0001). Respiratory events during
sleep correlated significantly with glycaemic control
(r = 0.360; p = 0.09) and with the duration of diabetes
(r = 0.430; p = 0.04).
Conclusion/interpretation. We conclude that respira-
tory control is compromised very early in children
with diabetes. These anomalies are closely related to
the duration of diabetes and to glycaemic control. In
young children with diabetes, screening of ventilatory
control using recording techniques that are simpler
than polysomnography could provide an early indica-
tion that an adverse cardiopulmonary reaction has
begun. [Diabetologia (2000) 43: 696±702]
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ation in respiratory control or at least in the central
neurovegetative system [15±16]. Some investigators
nonetheless suggest a concomitant change in cardiac
electrical conduction [11, 12]. During sleep, cardiore-
spiratory function is almost completely under auto-
nomic nervous system control. Sleep acts as a chal-
lenge for autonomic-mediated functions and is thus
an ideal state for disclosing autonomic dysfunction,
whereas during the awake phase voluntary central
control tends to mask defective autonomic control.

There is evidence that diabetic patients with auto-
nomic nervous system neuropathy have more apnoeic
episodes during sleep than diabetic patients without
neuropathy [17]. Sleep apnoeas also last longer and
are more intense in diabetic patients with neuropathy
than in those without [18], suggesting a correlation be-
tween changes in the ventilatory pattern during sleep
and diabetic neuropathy [19±21]. Most observations
come from studies conducted in adult diabetic patients
with a long history of diabetes in whom neuropathy
had already developed [21±22]. Little information is
available about diabetic children with a shorter dura-
tion of disease in whom neuropathy is rare. In addi-
tion, few studies have yet reported data on respiratory
control in childhood diabetes [23].

Most attempts at studying the autonomic nervous
system in childhood have encountered difficulties.
Ventilatory control is especially difficult to study in
children, hence the scarce data on respiratory control
in children during wakefulness or sleep.

Sleep is the preferred phase in which to study the
autonomic nervous system, therefore we designed
this study to find out whether young diabetic children
with or without signs of diabetic neuropathy have
ventilatory dysfunction during sleep and if so, wheth-
er these respiratory changes are related to the dura-
tion of diabetes and to metabolic control.

Subjects and methods

We studied 25 children with insulin-dependent diabetes melli-
tus (19 boys and 6 girls) whose ages ranged from 5±11 years

(mean 7.72 � 1.99 years). When tested all children had normal
growth (mean height 129.64 � 12.70 cm; BMI 18.74 � 3.58 kg/
cm2). The duration of disease ranged from 1 month to 5 years
(mean 2.68 � 2.61 years); only one patient was tested at the on-
set of disease (1 month). All patients were insulin-dependent
at diagnosis. During the study they continued to receive insulin
therapy with regular rapid-acting, intermediate-acting and
slow-release insulin, in four daily doses (morning, lunchtime,
evening and bedtime). The mean total daily insulin dose per
kg at the time of the study was 0.63 � 0.33 U/kg. All subjects
underwent an electrocardiographic (ECG) examination. No
patient had signs or symptoms of autoimmune disorders.
None had nocturnal snoring or signs of adenotonsillar hyper-
trophy. None of the patients had clinical signs of diabetic neur-
opathy. To obtain comparative polysomnographic data we
studied 20 age-matched healthy control children (15 boys and
5 girls; age range 5±12 years). Their mean height was
129.07 � 9.35 cm and BMI 18.54 � 3.26 kg/cm2 (Table 1).

Study protocol. A questionnaire was used to gather informa-
tion on the history of cardiorespiratory diseases. All patients
underwent physical examination to exclude symptoms of con-
current illnesses at the time of testing.

To assess metabolic control in diabetic patients, blood sam-
ples were collected for assay of HbA1 c (detected by HPLC
high-performance liquid chromatography, DIAMAT, Bio-rad,
Munich, Germany) on the morning before testing and at 3-
month intervals during the preceding year. The patients were
divided into two groups according to their mean glycated
haemoglobin values: those with good metabolic control
(HbA1 c £ 7.9 %) and those with poor control (HbA1 c ³ 8 %).
To exclude hypoglycaemia as a cause of apnoea and to avoid
invasive procedures that might alter autonomic nervous sys-
tem function during sleep, blood glucose concentrations were
measured when patients awoke after polysomnography.

Thyroid function was assessed in all patients by radioimmu-
nologic assay of T3, T4, and thyroid-stimulating hormone
(TSH). All patients underwent an ophthalmoscopic examina-
tion to assess diabetic retinopathy. Renal function was studied
with an assay of microalbuminuria, detected by radioimmu-
noassay g-counter. Microalbuminuria was defined as an albu-
min excretion rate less than 20 mg/min in at least two or three
consecutive urine samples collected over 24 h.

Polysomnography. Patients and control subjects underwent a
polysomnographic study (multichannel polygraph, Medilog
SAC 800, Oxford Instruments, Oxon, UK) overnight (from
2100 to 0600 hours). None of the subjects had pharmacologic
induction or sleep deprivation. To determine the sleep stages
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Table 1. Anthropometric characteristics in the subjects studieda

Total group Diabetic patients Control subjects
Glycaemic control

Good (HbA1c K 7.9 %) Poor (HbA1c L 8%)
(n = 25) (n = 12) (n = 11) (n = 20)

Characteristics
Age (years) 7.72 ± 1.99 7.83 ± 2.12 7.64 ± 2.11 8.81 ± 1.88
Sex (Males) 19 10 8 15
BMI (kg/cm2) 18.74 ± 3.58 19.21 ± 4.48 18.22 ± 2.46 18.54 ± 3.26
Height (cm) 129.64 ± 12.70 131.1 ± 13.04 128.0 ± 13.35 129.07 ± 9.35
Duration of diabetes (years) 2.68 ± 2.61 2.42 ± 0.75 2.96 ± 1.23
Haemoglobin A1c (%) 7.80 ± 1.09 6.95 ± 0.60 8.72 ± 0.64
a Plus-minus values are means ± SD



according to the criteria of Rechtschaffen and Kales [24] we
obtained an electroencephalogram (EEG) (C3-A2; C4-A1)
monitored through surface electrodes fixed to the scalp; chin
and external tibia electromyogram (chin and external tibia);
and electro-oculogram for eye movements (with two chan-
nels). Thoracoabdominal excursions were measured qualita-
tively by respiratory impedance plethysmography with pneu-
matic respiration transducers placed over the rib cage and ab-
domen. Airflow was recorded qualitatively with an oronasal
paediatric thermocouple (MV 1526, EPM Systems, Midlothi-
an, Va., USA). Arterial-blood oxyhaemoglobin saturation
(SaO2) was monitored by pulse oxymetry (Sensor oximeter Y-
PROBE 66 Z99, Datex-ohmeda, Louisville, Ky., USA). To de-
termine cardiac function during sleep two electrocardiograph-
ic (ECG) channels (precordial leads V1, V3, and V6) were re-
corded during polysomnography. The R-R series (interval ta-
chogram) were obtained from the polysomnographic ECG re-
cording and computed with an algorithm of R-wave recogni-
tion [25]. Each tachogram was then divided into segments ac-
cording to sleep stages.

Studies took place in the sleep laboratory, a comfortable
room kept at a constant temperature (21±22 °C), where the
children slept with their parents.

We also measured transcutaneous partial oxygen and car-
bon dioxide pressure (TcPO2 and TcPCO2) by TCM3 (Radi-
ometer, Copenhagen, Denmark). Sleep apnoea was defined
according to the criteria of the American Thoracic Society for
sleep studies in children [26]: apnoea (cessation of inspiratory
oronasal airflow lasting for 5 s or more); central apnoea (the
absence of rib-cage and abdominal excursions and airflow);
obstructive apnoea (absence of airflow in the presence of rib-
cage and abdominal excursions); and mixed apnoea (central
apnoea followed by a respiratory component). For each ap-
noeic event, the lowest oxyhaemoglobin desaturation was de-
termined, defined as the smallest fall in SaO2 (nadir). The
number of episodes of apnoea per hour of sleep is referred to
as the apnoea index (AI). The index of central apnoea (CAI)
was calculated in the rapid eye movement (REM) sleep stage
and in the four non-rapid eye movement (NREM) stages.

Respiratory function. Before and after polysomnography, all
subjects underwent spirometric pulmonary function testing, in-
cluding a flow-volume curve recorded for measurement of
forced vital capacity (FVC), forced expiratory volume at 1 s
(FEV1), and forced expiratory flow at 25±75 % of vital capacity
(FEF25±75) (ALTAIR 1000 COSMED apparatus, Altair Cos-
med, Rome, Italy). The best flow-volume curve recorded in
three successive trials was chosen for analysis.

Autonomic function tests. In 12 patients we assessed cardiovas-
cular autonomic function with the test battery described by
Ewing [27,28]. The results of these cardiovascular tests were
compared with normal reference values obtained previously
in a group of 54 healthy children matched for age and sex
[29]. Before lung function testing began, systolic and diastolic
blood pressures were measured twice with a Riva Rocci sphyg-
momanometer according to the standard method [28], with
subjects in the supine position. Heart rate and arterial pressure
variabilities were determined by blood pressure recordings
during tilt testing and by the Valsalva response beat-to-beat.
With the child lying quietly on the couch the heart rate was
monitored with an electrocardiograph (ECG) trace. The pa-
tient was then rapidly placed upright and the start of the ma-
noeuvre was marked on the tracing. A ruler was used to mea-
sure the shortest R-R interval between the 15 ECG complexes
and the longest R-R interval in the first 30 complexes. The car-
diac response to the manoeuvre was expressed as the ratio be-

tween the longest R-R interval recorded during the 30 com-
plexes after orthostatism and the shortest R-R interval in the
first 15 complexes (maximum/minimum 30:15 ratio). Arterial
pressures measured with the subject lying down were mea-
sured again upright, keeping the arm-cuff at the level of the
heart. For the Valsalva manoeuvre, the child inhaled and ex-
haled forcibly into a mouthpiece connected to a modified
sphygmomanometer, until the pressure value reached one-
third of the subject's baseline arterial pressure (values ranging
around 30 mmHg). The subject maintained that pressure for
15 s under continuous ECG monitoring. Beat-to-beat arterial
pressure was measured repeatedly during testing and after the
mouthpiece had been removed. The result was expressed for
heart rate variations from the ratio between the longest R-R
interval after the manoeuvre (rebound bradycardia) and the
shortest R-R interval during respiratory effort (expression of
tachycardia during the manoeuvres), determined from the
ECG trace. Like all manoeuvres measuring heart rate variabil-
ity, this procedure predominantly explores vagal function.

The data for heart rate and blood pressure variability were
compared with those obtained in an earlier study in a group
of 54 healthy children matched for age and sex [29].

Our study was approved by the local research ethics com-
mittee and verbal informed consent was obtained for each
child.

Statistical analysis. A two-tailed paired Student's t test and
one-way ANOVA were used to determine the statistical signif-
icance of differences between groups. Associations between
variables were determined with the r correlation index. Data
were computed with the software program SPSS. P values less
than 0.05 were considered to indicate statistical significance.
Values are reported as means � SD.

Results

Anthropometric data were within the normal range
for all subjects (Table 1). Thyroid function tests were
also within the normal range (T3: 2.25 � 0.45 nmol/l,
T4: 114.54 � 24.7 mmol/l, and TSH: 2.3 � 0.61 mU/
ml). Values for HbA1 c (detected in 23 subjects)
8.21 � 1.41% on the day of testing and 7.80 � 1.09%
during the preceding year indicated 12 patients as
having good glycaemic control (HbA1c £ 7.9 %) and
11 with poor control (HbA1 c ³ 8 %) (Table 1). The
mean blood glucose concentration on awakening
in the 25 patients was 12.3 � 3.9 mmol/l; range
5.5±20.6 mmol/l/%). No patient had retinopathy (mi-
croangiopathy) on ophthalmoscopic examination, al-
tered renal function, or microalbuminuria. None of
the subjects snored, neither did they have adenoton-
sillar hypertrophy, dental malocclusion or craniofa-
cial abnormalities.

Overnight polysomnograms disclosed more apno-
eas in diabetic patients than in control subjects (AI:
2.62 � 1.73 n/h vs 1.40 � 0.88 n/h; p = 0.006); apnoeas
in diabetic patients also lasted longer (15.1 � 4.65 s
vs 12.6 � 4.40 s; p = 0.07). When patients were divid-
ed according to glycaemic control, patients with poor-
ly controlled diabetes had more apnoeas than pa-
tients with well-controlled diabetes (AI: 3.28 � 1.64
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n/h vs 2.03 � 1.78 n/h; p = 0.04) and more than heal-
thy control subjects (AI: 3.28 � 1.64 n/h vs 1.40 � 0.88
n/h; p < 0.0001) (Table 2). Diabetic patients with
poor glycaemic control also had significantly more
central apnoeas than control subjects (CAI:
2.54 � 1.27 n/h vs 0.78 � 0.73 n/h; p < 0.0001) and
than diabetic patients with good metabolic control
(CAI: 2.54 � 1.27 n/h vs 1.34 � 1.29 n/h; p = 0.03)
(Fig.1). In diabetic patients, episodes of central ap-
noea were more frequent in REM sleep than in the
NREM sleep stages (REM 17.8% of total sleep time
(TST); NREM 72 % of TST. REM CAI: 3.7 � 3.0 n/h
vs NREM CAI 1.9 � 2.8 n/h; p < 0.05). In normal sub-
jects, no difference was found in the CAI during the
various sleep stages (REM 21.2% of TST; NREM
79% of TST. REM CAI 0.3 � 0.4 n/h vs NREM CAI
0.4 � 0.4 n/h; p = NS).

No difference was found for REM cycles (2.9 � 1.1
vs 3.0 � 1.3 cycles; p = NS) or in REM latencies

(81.2 � 49.3 min vs 108.3 � 57.4 min; p = NS) in dia-
betic subjects and control subjects. All subjects had
TcPco2 values within the normal range
(37.7 � 39.3 mmHg).

In diabetic patients, the apnoea index during sleep
correlated significantly with glycaemic control
(r = 0.360; p = 0.09) and with the duration of diabetes
(r = 0.430; p = 0.04), the central apnoea index corre-
lated significantly with glycaemic control (r = 0.420;
p = 0.05) and duration of diabetes (r = 0.44; p = 0.04)
(Fig.2). No correlation was found between the num-
ber of apnoeas or central apnoeas and the age at on-
set of diabetes.

Spirometric lung function tests were within the
normal range (FVC 97% of the predicted value,
FEV1 98%, and FEF25±75 109.6%). Heart rate and ar-
terial pressure variability (tilt testing and Valsalva
manoeuvre) did not differ significantly in diabetic pa-
tients and control children (Table 3).

Beat-to-beat heart rate variability showed that
neither of the variables tested (mean R-R and total
power) differed from control subjects (Table 3).
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Table 2. Respiratory variables during sleep in diabetic children and control subjectsa

Total group Diabetic patients Control subjects
Glycaemic control

Good (HbA1c K 7.9 %) Poor (HbA1c L 8%)
(n = 25) (n = 12) (n = 11) (n = 20)

Variable
Apnoea index (no. of episodes/h) 2.62 ± 1.73b 2.03 ± 1.78 3.28 ± 1.64d 1.40 ± 0.88
Central apnoea index (no. of episodes/h) 1.93 ± 1.34 1.34 ± 1.29f 2.54 ± 1.27e 0.78 ± 0.73
Apnoea-hypopnoea index (no. of episodes/h) 6.02 ± 2.78 5.81 ± 2.89 6.30 ± 2.96 5.13 ± 2.56
Mean duration of apnoea (s) 8.67 ± 1.54 8.66 ± 1.75 8.9 ± 1.34 8.2 ± 2.70
Maximum duration of apnoea (s) 15.1 ± 4.65c 14.9 ± 6.18 15.6 ± 2.93 12.6 ± 4.40
Mean low SaO2 (%) 90.0 ± 2.50 89.8 ± 2.35 91.2 ± 3.74 91.2 ± 4.1
a Plus-minus values are means ± SD
b p = 0.006 vs controls; c p = 0.07 vs controls; d p < 0.0001 vs controls; e p < 0.0001 vs controls; f p = 0.03 vs poor controls

Fig. 1. Central sleep apnoea index (number of events for hour
of recording) in children with insulin-dependent diabetes mel-
litus and healthy control subjects



Discussion

Despite having no clinical signs of diabetic neuropa-
thy, the diabetic children in this study all had ventila-
tory dysfunction during sleep. These changes are re-
lated to the duration of diabetes and to metabolic

control. Our findings suggest that this impairment
possibly develops very early in the course of diabetic
disease. It is not known yet whether it develops be-
fore other signs of autonomic dysfunction become ev-
ident.

Although diabetes mellitus impairs cardiocircula-
tory and neuromuscular autonomic nervous system
function even in childhood, little is known about its
influence on respiratory control in children [19]. Our
polysomnographic findings suggest that diabetes mel-
litus damages the central respiratory control mecha-
nisms.

In our study, episodes of apnoea were more numer-
ous and lasted longer in patients who had higher
HbA1 c values than in those with lower HbA1 c. Be-
cause apnoeas in our patients never altered blood-
gas homeostasis (hypoxia or hypercapnia) and no
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Fig. 2. Relation between sleep apnoea, glycaemic control and
duration of diabetes in 23 children with insulin-dependent dia-
betes mellitus. a. Relation between apnoea index and glycae-
mic control (HbA1 c) r = 0.360; p = 0.09, b. Relation between
apnoea index and duration of disease r = 0.430; p = 0.04, c. Re-
lation between central apnoea index and metabolic control
(HbA1 c) r = 0.420; p = 0.05, d. Relation between central ap-
noea index and duration of disease r = 0.440; p = 0.04, k good
glycaemic control; Y poor glycaemic control

Table 3. Cardiovascular test results variables in diabetic children with insulin-dependent diabetes mellitus in groups according to
glycaemic control and in control childrena

Total group Diabetic patients Control subjects
Glycaemic control

Good (HbA1c K 7.9 %) Poor (HbA1c L 8%)
(n = 12) (n = 8) (n = 5) (n = 54)

Variable
Age (years) 8.24 ± 1.61 7.79 ± 1.49 8.86 ± 1.88 9.22 ± 1.10
Valsalva manouevre 1.49 ± 0.37 1.42 ± 0.32 1.56 ± 0.47 1.22 ± 0.18
Maximum/minimum 30 : 15 ratio 1.50 ± 0.33 1.45 ± 0.18 1.60 ± 0.37 1.20 ± 0.19
Blood pressure (mmHg) Systolic

Diastolic
110.67 ± 9.61

64.67 ± 6.40
(n = 25)

106.00 ± 11.40
62.00 ± 8.37

(n = 12)

113.75 ± 9.16
65.00 ± 5.35

(n = 11)

121.22 ± 10.00
74.24 ± 9.21

(n = 20)
R-R Mean (sec) NREM

REM
0.89 ± 0.09
0.85 ± 0.10

0.90 ± 0.11
0.84 ± 0.09

0.88 ± 0.08
0.85 ± 0.07

0.90 ± 0.09
0.84 ± 0.12

Total power (sec2) NREM
REM

0.008 ± 0.006
0.009 ± 0.008

0.009 ± 0.05
0.010 ± 0.006

0.007 ± 0.005
0.009 ± 0.008

0.008 ± 0.009
0.014 ± 0.01

a Plus-minus values are means ± SD



other sleep disturbances were apparent from our pa-
tients' histories, these abnormal respiratory events
apparently do not affect gas homeostasis. In our pa-
tients, blood carbon dioxide presumably was not a
primary cause of ventilatory dysfunction during sleep.

Although the precise clinical importance of central
apnoeas is still not clear [19±21], autonomic involve-
ment appears likely [19, 22, 30]. None of our patients
had either clinical or physical signs of autonomic dys-
function. All subjects tested (n = 12) had normal find-
ings on cardiovascular testing, a normal Valsalva re-
sponse and normal blood pressure responses to tilt-
ing. None of them had microalbuminuria or retinopa-
thy. One of the two autonomic tests yielded patholog-
ic findings (30:15 ratio = 1:10) in one subject only, a
child who had an altered apnoea index during noctur-
nal sleep (AI = 2.4), a disease duration of 1 year and
10 months and an HbA1c of 8.80%. In none of our
patients did we find a correlation between cardiovas-
cular test results and respiratory events during sleep.

Our results indicate that in children with diabetes
impaired respiratory control during sleep could be a
sign of beginning autonomic nervous system dysfunc-
tion. A study of adults with diabetic neuropathy, all of
whom had pathologic findings on cardiovascular test-
ing, has reported long-lasting nocturnal apnoeas at
high respiratory frequencies [19]. None of our pa-
tients had appreciably altered respiratory patterns
such as irregular breathing, episodes of tachypnoea
or oxygen desaturation.

Our cardiovascular and ventilatory findings show
that the ventilatory control system is one of the first
systems affected by autonomic nervous system dam-
age in diabetic children. This possibility is not only
supported by beat-to-beat heart rate variability data
in this study but also by published data [31].

Nocturnal observation of cardiorespiratory func-
tions therefore seems important because sleep can
disclose very early anomalies not discernible during
the awake phase or by other tests. During the sleep
state, especially during REM sleep, cardiorespiratory
function comes predominantly under sympathetic
control [32, 33]. An unstable sympathetic system
poses a real threat to life and it is important to note
that our patients' apnoeic events occurred mainly in
the REM stage.

In our patients we explicitly excluded other possi-
ble causes of the nocturnal respiratory pauses. Spiro-
metric lung function values measured in our patients
with diabetes mellitus came within the normal range
[34] and none of our subjects had pulmonary disorders
or craniofacial abnormalities (for example retro-
gnathia or deep bite) that could have caused the noc-
turnal respiratory events. To avoid invasive proce-
dures that might influence the results of an autonomic
nervous system study, we did not monitor blood glu-
cose during polysomnography. We found no clinical
evidence (increased sweating, for example) nor chan-

ges in neurological variables that indicated hypogly-
caemia associated with the apnoeic events. We there-
fore think it unlikely that nocturnal hypoglycaemia
caused the extremely large number of apnoeas, al-
though another study confirms frequent respiratory
complications in diabetic patients [35]. This is also in
line with our earlier study showing that diabetic chil-
dren who had no signs of peripheral diabetic neuropa-
thy nonetheless had a loss of vagal function in the
bronchial receptors. They tolerated high doses of the
bronchoconstrictor carbachol without having signs of
bronchoconstriction [36]. A loss of bronchial reactivi-
ty could be one of the first signs of vagal dysfunction
in children with diabetes mellitus.

Our findings show that a lack of metabolic control
leads to the onset of diabetic neuropathy and its se-
vere consequences. The central apnoea events in our
patients could thus be linked to poor glycaemic con-
trol and the duration of diabetes. Extensive research
confirms that hyperglycaemia is related to the severi-
ty of diabetic neuropathy, to diabetic blindness, and
to the risk of myocardial infarction and sudden death
[11±17]. Our observation that in young children with
a short history of diabetes these changes had already
begun raises the doubt that they might be intrinsic to
the disease itself rather than simply being a conse-
quence. The question remains whether glycaemic
control is a sufficiently strong trigger to bring about
rapid changes in such sophisticated control mecha-
nisms. Our finding that sleep apnoea correlated with
glycaemic control and with duration of disease ap-
pears to show that the ventilatory changes or auto-
nomic nervous system dysfunction or both are linked
to metabolic mechanisms rather than to inherent or
genetic features of the disease.

In conclusion, young diabetic children with or
without signs of diabetic neuropathy already have ev-
ident signs of ventilatory dysfunction (central noctur-
nal apnoea) during sleep. These changes are closely
related to the duration of disease and to metabolic
control. Whether they develop before other signs of
autonomic dysfunction become evident is not known.
Our findings also indicate that the main reason for
these autonomic changes is hyperglycaemia. In young
children with diabetes, screening of ventilatory con-
trol using recording techniques that are simpler than
polysomnography could indicate early on that an ad-
verse pulmonary reaction has begun. Nevertheless, it
is most important to achieve good glycaemic control
from the earliest stages of disease.
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