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ABSTRACT: To assess the occurrence and nature of sleep-disordered breathing (SDB)
in 26 adult, nonobese diabetics (18 with autonomic neuropathy (DANz) (age 45 (41–50)
yrs; body mass index (BMI) 24.1 (22–26) kg?m-2) and eight without autonomic
neuropathy (DAN-) (age 45 (35–55) yrs; BMI 24.8 (23–26) kg?m-2)) overnight full sleep
studies and measurements of central and peripheral carbon dioxide (CO2) chemosensi-
tivity were performed.

DANzwere divided in two subgroups, according to the presence (DANzPHz; n=10)
or absence (DANzPH-; n=8) of postural hypotension. Ten normal subjects were studied
as controls (age 42 (36–48) yrs; BMI 24.4 (23–25) kg?m-2).

In contrast to DAN- and controls, who did not show SDB, five DANz (four
DANzPH- and one DANzPHz) had an apnoea/hypopnoea index o10 and four
DANz (two DANzPH- and two DANzPHz) had an apnoea index o5. All the events
were obstructive, occurring mainly during rapid eye movement (REM) sleep. Ten
DANz exhibited a mean lowest oxygen saturation v90% during REM sleep. No
periodic breathing or central sleep apnoeas were found in DANzPHz, although they
had an enhanced central chemoresponsiveness to CO2. Both DANzsubgroups showed a
marked reduction in peripheral CO2 chemosensitivity.

In conclusion, adult nonobese diabetics with autonomic neuropathy, independent of
the severity of their dysautonomy, have obstructive sleep apnoea/hypopnoea with a
frequency w30%. A decrease in peripheral carbon dioxide chemosensitivity prevents
adult nonobese diabetics with autonomic neuropathy and postural hypotension from
experiencing posthyperventilatory central sleep apnoea, despite an increased hypercap-
nic central drive.
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A high incidence of sudden deaths has been observed in
diabetic patients with diabetic autonomic neuropathy (DAN),
in particular when they are asleep [1–4]. To investigate the
potential role of sleep-disordered breathing (SDB), several
studies have been performed in the past to assess respiratory
disturbances during sleep in these patients [5–8]. First,
GUILLEMINAULT et al. [5] found obstructive sleep apnoeas
(OSA) in two and central sleep apnoeas (CSA) in one of
four type-1 diabetics with DAN. Subsequently, REES et al. [6]
described sleep apnoea syndrome in three of eight diabetics
with DAN, but not in eight diabetics without DAN. Later on,
although CATTERALL et al. [7] did not find differences in the
apnoea index (AI) between diabetics with and without DAN,
NEUMANN et al. [8] reported a significant correlation between
the number of oxygen desaturations during sleep and the
gravity of DAN. Recently, FICKER et al. [9] showed OSA in
26% of diabetics with DAN; however, some of them were
w60 yrs, obese and not selected according to the severity of
DAN. Therefore, the first aim of the present study was to
assess the occurrence of SDB and its nature in adult,
nonobese diabetic subjects with autonomic neuropathy of
different severities. Diabetics suffering from severe dysaut-
onomy and postural hypotension have been shown to have an
enhanced central chemosensitivity to carbon dioxide (CO2)
[10, 11]. Since an increased hypercapnic central drive is

thought to promote periodic breathing and CSA during
stages 1 and 2 of sleep [12–14], the second aim was to establish
if diabetic subjects with severe autonomic neuropathy and
postural hypotension had periodic breathing and/or central
sleep apnoea.

Methods

Subjects

Twenty-six adult diabetic patients, 18 with autonomic
neuropathy (DANz; age 45 (95% confidence interval (CI)
41–50) yrs, body mass index (BMI) 24.1 (22–26) kg?m-2) and
eight without autonomic neuropathy (DAN-; age 45 (35–55)
yrs, BMI 24.8 (23–26) kg?m-2), were consecutively recruited
from the Dipartimento di Medicina Interna e Scienze
Endocrine e Metaboliche (DiMISEM) of the University of
Perugia (Perugia, Italy) (table 1). The subjects were enrolled
after they had given fully informed consent and all subjects
completed the study. The protocol was approved by the local
ethical committee and was in accordance with the Helsinki
Declaration. All the patients were insulin treated, with regular
insulin before each meal and intermediate-acting insulin at
bedtime or with regular insulin before breakfast and lunch
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and 30/70 mixed insulin before dinner. Autonomic neuro-
pathy was assessed by the standard cardiovascular tests, i.e.
deep breathing, Valsalva manoeuvre, lying to standing,
postural hypotension and sustained handgrip [15]. Each test
was scored according to the literature [16] and the patients
were considered positive for autonomic neuropathy if
the total score was o4. Ten of 18 DANz diabetics had a
severe alteration of the cardiovascular reflexes, including
postural hypotension (a fall in systolic blood pressure
o30 mmHg) and/or impaired response to sustained handgrip
(DANzPHz). The remaining eight DANz patients had an
impairment in at least two tests out of deep breathing, lying to
standing and Valsalva manoeuvre, but had a normal response
to both systolic blood pressure to standing and diastolic
blood pressure to sustained handgrip (DANzPH-) [10, 11,
17]. Two patients in the DAN- group, five patients in the
DANzPH- group and 10 patients in the DANzPHz group
had pre-proliferative retinopathy, and one patient in the
DANzPHz group had proliferative retinopathy. Two
patients in the DAN- group, six patients in the DANzPH-
group and 10 patients in the DANzPHz group had
microalbuminuria, and two patients in the DANzPHz
group had macroproteinuria, however, none of them had
serum creatinine w1.8 mg?dL-1. Four subjects in the DAN-
group, five patients in the DANzPH- group and eight
subjects in the DANzPHz group were taking angiotension-
converting enzyme inhibitors (essentially enalapril at a dosage
of 10 or 20 mg once daily) for slight hypertension or to
prevent the worsening of diabetic nephropathy. None of
the patients studied had any signs or symptoms of metabolic
or endocrine diseases other than diabetes. No respiratory

symptoms were observed or reported at the time of the study.
Morphological abnormalities of the nose and throat were
excluded by an otorhinolaryngological examination before
the study. Ten nondiabetic, normal subjects, recruited from
the University of Perugia staff and matched for sex, age and
weight, were studied as the control group.

Study design

Pulmonary function tests. All diabetic and control subjects
performed pulmonary function tests, including spirometry and
flow/volume curves, using a pneumotachograph linear up to
13.6 L?s-1 (model 3813; Hans-Rudolph, Kansas City, MO,
USA), and had measurements of lung volume taken using the
multiple breath nitrogen washout technique. All tests were
carried out with subjects in the sitting position, wearing a nose-
clip and breathing through a mouthpiece connected to a
computerised measuring system (MedGraphics 1070; Medical
Graphics Co., St Paul, MN, USA). The predicted values for
volumes and flows were those proposed by the European
Community for Coal and Steel [18]. Minute ventilation (V9E),
tidal volume (VT) and respiratory rate (RR) were measured at
rest from the time-integrated flow signal, breathing room air in
the seated position using a two-way nonrebreathing, balloon
shutter occlusion valve (Hans-Rudolph). Randomly, every
four to eight breaths, the inspiratory line was silently closed
during expiration by automatically inflating the balloon via
a computer-supported pneumatic system (Respiratory Pres-
sure Module MedGraphics; Medical Graphics Co.). Mouth
pressure was measured during the subsequent occluded

Table 1. – Clinical features and pulmonary functional parameters of the subjects

Control DAN- DANzPH- DANzPHz

Subjects M:F 9:1 8:0 7:1 8:2
Age yrs 42.0 (36.3–47.7) 45.3 (35.3–55.2) 43.8 (35.0–52.5) 46.9 (40.8–52.9)
BMI kg?m-2 24.4 (23.0–25.0) 24.8 (23.1–25.7) 23.8 (20.2–26.2) 24.5 (22.4–26.0)
Type of diabetes 1/2 6/2 6/2 8/2
Duration of diabetes yrs 13.5 (9.4–17.6) 18.5 (11.2–25.8) 18.8 (11.2–25.8)
Diabetic autonomic
neuropathy score

0.3 (0.0–0.6) 4.3 (3.5–5.0)*** 7.6 (6.8–8.6) ***,###

HbA1c % 7.3 (6.4–7.6) 7.6 (6.0–8.3) 7.9 (6.9–8.1)
VC % pred 116 (105–127) 110 (97–123) 108 (100–116) 99 (85–113)}}

IC % pred 114 (101–126) 105 (87–123) 97 (88–105)}} 87 (73–101)**,}}

FRC % pred 128 (82–164) 118 (95–140) 113 (97–129) 126 (103–148)
RV % pred 125 (107–143) 120 (96–144) 106 (91–121) 135 (107–134)
TLC % pred 114 (103–125) 113 (98–127) 103 (93–112)*,}} 107 (92–122)
FEV1 % pred 109 (98–121) 107 (95–118) 99 (92–105)}} 100 (85–114)}}

FEV1/FVC % 79 (77–82) 83 (77–89) 80 (77–83) 84 (80–88)
FEF25–75% % pred 89 (72–108) 96 (75–116) 86 (76–91) 95 (72–117)
Sa,O2 % 98 (97.1–98.5) 98 (97.1–98.3) 98 (97.0–98.6) 98 (97.2–98.2)
Pet,CO2 mmHg 38 (36.2–39.6) 38 (34.5–39.9) 38 (36.4–39.6) 38 (35.7–39.1)
P0.1 cmH2O 1.77 (1.54–1.99) 1.77 (1.59–2.00) 1.80 (1.63–1.97) 1.89 (1.68–2.10)
V9E L?min-1 13.5 (11.6–15.6) 13.8 (11.9–14.5) 14.5 (12.2–16.7) 14.7 (12.8–16.7)
VT L 0.93 (0.81–1.05) 0.86 (0.76–0.96) 0.77 (0.69–0.86) 0.76 (0.66–0.87)
RR breath?min-1 14.6 (12.4–17.0) 16.2 (14.3–17.7) 19.2 (15.3–23.0) 19.7 (17.6–22.0)
DP0.1/DPet,CO2 cmH2O?mmHg-1 0.49 (0.36–0.62) 0.41 (0.28–0.53) 0.27 (0.14–0.39) 0.72 (0.49–0.94)*,##,}

DV9E/DPet,CO2 L?min-1?mmHg-1 3.35 (2.89–3.81)## 2.73 (1.91–3.55)# 1.66 (1.72–2.19) 3.29 (2.92–3.65)##

Data are presented as mean (95% confidence intervals). DAN-: adult, nonobese diabetics, without autonomic neuropathy; DANzPH-: adult,
nonobese diabetics, with autonomic neuropathy and without postural hypotension; DANzPHz: adult, nonobese diabetics, with autonomic
neuropathy and postural hypotension; M: male; F: female; BMI: body mass index; HbA1c: glycated haemoglobin (normal values in nondiabetics
3.8–5.5%); VC: vital capacity; % pred: per cent predicted; IC: inspiratory capacity; FRC: functional residual capacity; RV: residual volume; TLC:
total lung capacity; FEV1: forced expiratory volume in the one second; FVC: forced vital capacity; FEF25–75%: forced expiratory flow between 25–
75% of FVC; Sa,O2: arterial oxygen saturation; Pet,CO2: end-tidal carbon dioxide pressure; P0.1: mouth occlusion pressure at 100 ms after the
beginning of inspiration; V9E: minute ventilation; VT: tidal volume; RR: respiratory rate; DP0.1/DPet,CO2: slope of the linear relationship between
P0.1 and Pet,CO2; DV9E/DPet,CO2: slope of the linear relathionship between V9E and Pet,CO2 during CO2 rebreathing. *: pv0.05 versus DAN-; **:
pv0.01 versus DAN-; ***: pv0.001 versus DAN-; #: pv0.05 versus DANzPH-; ##: pv0.01 versus DANzPH-; ###: pv0.001 versus DANzPH-; }:
p=0.05 versus control; }}: pv0.01 versus control.
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inspiration from a side port in the occlusion valve that was
connected to a pressure transducer (¡150 cmH2O; Validyne
Inc., Northridge, CA, USA) through a noncompliant poly-
ethylene catheter (internal diameter 1.4 mm, length 95 cm).
The value of mouth pressure calculated at 100 ms after the
beginning of the inspiration with occluded airways (P0.1) was
displayed by the computer (Respiratory Pressure Module
MedGraphics; Medical Graphics Co.) [19]. Baseline P0.1 was
computed as the mean of at least eight values, after having
rejected the lowest and the highest. CO2 was continuously
sampled at the mouth and the expiratory end-tidal CO2 pres-
sure (Pet,CO2) was measured breath-by-breath by a rapid infrared
CO2 analyser (Gas Analyser Module, CPX MedGraphics;
Medical Graphics Co.). At a flow rate of 1 L?s-1, the resistance
of the rebreathing circuit was 1.1 cmH2O?L-1?s-1.

Central and peripheral CO2 chemosensitivity. The same circuit
was used to assess the CO2 central and peripheral chemo-
sensitivity in diabetic and control subjects. Each subject, after
5 min of resting ventilation breathing room air, was connected
at residual volume to a 6-L anaesthetic bag filled with either a
gas mixture of 15% CO2 and 85% oxygen (O2) or air.
Immediately after, the subject was requested to perform a rapid
inspiratory vital capacity manoeuvre, inhaling, in a random
order, air or the gas mixture, and, subsequently, once switched
again to room air, to breathe normally. The test was repeated
six times and on three occasions the gas mixture was inhaled.
Each subject rested fory5 min during each test. The peripheral
CO2 chemosensitivity was evaluated by computing the slope
of the linear relationship between V9E and Pet,CO2 values
measured breath-by-breath from the second to sixth VT

following the gas mixture inhalation [20].
Central CO2 chemosensitivity was assessed by the rebreath-

ing test performed according to the method of READ [21].
While sitting, after a 5-min period of adaptation to the circuit,
each subject started to breathe a gas mixture (7% CO2

and 93% O2) from a 6-L anaesthetic bag for 4–6 min. During
the test, every four to five breaths, P0.1 was obtained
following the occlusion manoeuvre, and V9E, VT and RR
were calculated from the data averaged from the four breaths
preceding each occlusion. For each rebreathing test, V9E and
P0.1 were plotted against Pet,CO2, and data were fitted
according to the least-squared method. The slope and
intercept of the linear regression were computed on each
occasion. The coefficient of correlation was w0.97 in all
subjects. The plasma glucose concentration was measured at
baseline and at the end of the rebreathing test in all diabetic
patients by means of a Beckman Glucose Analyser (Beckman
Instruments, Palo Alto, CA, USA).

Sleep study. Diabetic and control subjects underwent a sleep
study according to the recommendations of the American
Sleep Disorders Association [22]. The study was always
performed between 23:00 and 06:30 h and after administration
of insulin in diabetics, by means of a NightOwl Polygraph
Senior (Respironics Inc., Murrysville, PA, USA). Polysomno-
graphic recordings obtained included: electroencephalogram
(EEG; O1A2, C3A2); electrooculogram; electromyogram of
the chin, nasal and oral airflow (by thermistors); abdomen
and rib cage movements (by inductive plethysmography);
oxygen saturation (by finger probe); snoring (by microphone);
body movements (by accelerometer); body posture; and
electrocardiogram.

The assessment of SDB was essentially focused on apnoea/
hypopnoea events and, as an oesophageal balloon was not
used, on EEG arousals as an expression of neural activation
probably related to progressive inspiratory efforts in the
presence of an increased upper airway resistance. Data were

recorded in real time and analysed by the VitaRESP Analysis
System (RT Data Acquisition Software; Respironics Inc.).

Apnoeas were defined as a cessation of airflow lastingw10 s
with a fall in baseline arterial haemoglobin oxygen saturation
(Sa,O2) o4% and hypopnoeas were defined as a reduction in
thoraco-abdominal movements o50% with a fall in baseline
of Sa,O2 o2%. The AI and the apnoea/hypopnoea index (AHI)
were calculated as the number of apnoeas and apnoeas plus
hypopnoeas, respectively, per hour of the total sleep time.
Apnoeas and hypopnoeas were classified as obstructive when
the absence or reduction of airflow occurred in the presence of
continuing respiratory effort. The oxygen desaturation index
reflected the number of Sa,O2 falls o4% compared with
baseline per hour of the total sleep time. Mean lowest Sa,O2

(MLSa,O2) was calculated by averaging the 10 lowest values
occurring during the events. Arousals were identified by
changes in EEG tracing and divided into macroarousals
(mainly reflecting the sleep macrostructure) and microarou-
sals (essentially reflecting respiratory efforts) if they lasted
w1 min or v1 min, respectively. Periods of rapid eye move-
ment (REM) and non-REM (NREM) sleep were identified
using the standard criteria [23]. An expert physician, trained
in sleep studies, carefully reviewed all tracings, and the
automated analysis and scoring were corrected by hand, when
necessary, to ensure the reliability of the findings.

SDB was defined as the occurrence of five or more obstructed
(or absent) breathing events per hour of sleep, including any
combination of obstructive (or central) apnoeas/hypopnoeas
or respiratory effort-related arousals.

Daytime hypersomnolence was assessed on the basis of the
answers to three subjective questions on sleepiness [24].

Statistical analysis

Differences between groups were assessed using analysis of
variance. Since the assumption about scatter of data could
not be made, a two-tailed unpaired nonparametric test
(Mann-Whitney U-test) was used to make comparisons
between groups. Linear regression analysis was performed
according to the least-square method. A probability value of
0.05 was considered significant. Results are expressed as mean
(95% CI).

Results

Pulmonary function tests

Static and dynamic lung volumes and parameters obtained
from the maximal flow/volume curve were in the normal range
in all groups of diabetic subjects and controls (table 1).

Sleep study

Two diabetic subjects (one DANzPH- and one DANz
PHz) did not perform the sleep study satisfactorily because of
technical reasons and were excluded from analysis. The
duration of sleep and its characteristics in diabetic and control
subjects who completed the sleep study are shown in table 2.

In contrast to DAN- and controls, who did not show SDB,
two DANzPH- and two DANzPHzhad an AI o5, and four
DANzPHz and one DANzPH- had an AHI o10 (fig. 1a).
The events were obstructive and no periodic breathing and/or
central CSAs were observed in DANz and especially in
DANzPHz (fig. 1b). The obstructive events occurred mainly
during REM sleep.

DANz showed AI and AHI values higher than those of
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DAN-, on average amounting to 3.5 (0.0–6.1) versus 0.3
(-0.2–0.9) and 9.8 (4.4–15.3) versus 2.8 (0.1–5.5), respectively
(pv0.05). No DAN- had values of MLSa,O2 v90% either
during NREM or REM sleep, while 10 DANz exhibited
values of MLSa,O2 v90% during REM sleep. In two DANz,
values of MLSa,O2 v80% were recorded.

Marcoarousals (n) and microarousals (events?h-1), inde-
pendent from apnoea/hypopnoea episodes, were reported for
all groups in table 2. DAN- and DANz without obstructive
sleep apnoeas/hypopnoeas (OSAH) never had an incidence of
macroarousals w10?total sleep time-1 and of microarousals
w5?h-1. Self-reported daytime hypersomnolence was found
only in one DANzPH- subject with OSAH. No diabetic
subjects suffered from hypoglycaemia during the sleep study
(table 2).

Control of breathing

Baseline values of P0.1, V9E, VT and RR for the different
groups of diabetic subjects and controls are displayed in
table 1.

Central carbon dioxide chemosensitivity

The increase in the neuromuscular output to hypercapnic
stimulation (DP0.1/DPet,CO2) was greater in DANzPHz than
in DANzPH- (pv0.01), DAN- (pv0.05) and controls (p=0.05)
(table 1). The increment in the ventilatory response to CO2

(DV9E/DPet,CO2) exhibited by DANzPHz was higher than
that shown by DANzPH- (pv0.01). In addition, controls
(pv0.01) and DAN- (pv0.05) had DV9E/DPet,CO2 higher than
that of DANzPH- (table 1).

Peripheral carbon dioxide chemosensitivity

Neither diabetics nor controls complained of noxious taste,
cough or unpleasant sensation during the CO2 inhalation, and
the tests were easily accomplished by each subject. The slope

Table 2. – Clinical features and characteristics of sleep in control and diabetic subjects who completed the sleep study

Control DAN- DANzPH- DANzPHz

Subjects M:F 9:1 8:0 7:0 8:1
Age yrs 42.0 (36.3–47.7) 45.3 (35.3–55.2) 45.3 (35.7–54.8) 48.0 (41.2–54.3)
BMI kg?m-2 24.4 (23.0–25.0) 24.8 (23.1–25.7) 24.0 (19.8–26.3) 24.1 (22.0–26.0)
Diabetic autonomic neuropathy score 0.3 (0.0–0.6) 4.3 (3.9–5.2)*** 7.4 (6.6–8.5)***,#

Glycaemia mg?dL-1 at 23:00 h# 167 (121–213) 176 (124–228) 208 (155–260)
Glycaemia mg?dL-1 at 06:30 h# 139 (123–154) 163 (127–199) 170 (131–204)
Total sleep time min 399 (332–469) 370 (299–411) 370 (299–441) 384 (321–448)
REM sleep % 20 (16–24) 17 (14–18) 19 (17–22) 19 (16–23)
Latency min 21 (8–35) 15 (3–27) 18 (7–29) 17 (6–28)
Wake after sleep onset min 37 (15–61) 39 (18–59) 55 (28–80) 48 (29–67)
Macroarousals n 5.1 (3.2–7.9) 6.5 (4.4–8.6) 7.6 (3.4–11.8) 6.6 (3.7–9.4)
Microarousals events?h-1 1.1 (0.3–1.9) 1.3 (–0.1–2.2) 7.3 (3.8–11.1)* 8.9 (2.7–12.2)
AI events?h-1 0.2 (-0.2–1.1) 0.3 (-0.2–0.9) 3.7 (-1.9–9.4) 3.3 (0.2–6.5)
AHI events?h-1 2.2 (-0.1–4.1) 2.8 (0.1–5.5) 8.1 (-1.9–18.1) 11.1 (3.3–19.0)*
ODI events?h-1 0.3 (-0.8–1.1) 1.2 (-0.1–2.4) 6.5 (-1.5–14.6)* 7.8 (1.4–14.2)*
Subjects with Sa,O2 v90% during NREM n 0 0 4 3
Subjects with Sa,O2 v90% during REM n 0 0 5 5

Data are presented as mean (95% confidence interval). DAN-: adult, nonobese diabetics, without autonomic neuropathy; DANzPH-: adult,
nonobese diabetics, with autonomic neuropathy and without postural hypotension; DANzPHz: adult, nonobese diabetics, with autonomic
neuropathy and postural hypotension; M: male; F: female; REM: rapid eye movement; AI: apnoea index; AHI: apnoea/hypopnoea index;
ODI: oxygen desaturation index; Sa,O2: arterial oxygen saturation; NREM: non-REM. #: glycaemic values at the beginning and at the end
of the sleep study. *: pv0.05 versus control and DAN-; ***: pv0.001 versus DAN-; #: pv0.001 versus DANzPH-.
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Fig. 1. – a) Individual values of oxygen desaturation index (ODI),
apnoea/hypopnoea index (AHI) and apnoea index (AI), and b) events
of obstructive apnoea (OA) and hypopnoea (OH) and central apnoea
(CA) obtained from adult, nonobese diabetics, without autonomic
neuropathy ('), adult, nonobese diabetics, with autonomic neuro-
pathy and without postural hypotension (%) and adult, nonobese
diabetics, with autonomic neuropathy and postural hypotension ($)
during the sleep study.
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of the linear relationship between V9E and Pet,CO2 (DV9E/
DPet,CO2) amounted to 0.06 (0–0.14) and 0.03 (0–0.07)
L?min-1?mmHg-1 for the DANzPH- and DANzPHzgroups,
respectively, and it was markedly lower than that of control,
equal to 0.42 (0.34–0.51) L?min-1?mmHg-1 (pv0.001). In
addition, DAN- had a low DV9E/DPet,CO2, equal to 0.09
(0.04–0.14) L?min-1?mmHg-1 (pv0.001 versus control) (fig. 2).

Discussion

The main findings of the present study are as follows:
1) DANz patients, independent of the severity of their
autonomic neuropathy, have OSAH with a frequency
between 30% (five of 16 with AHI o10) and 25% (four of
16 with AI o5); 2) DANzPHz, despite an increased
hypercapnic central inspiratory drive, do not show post-
hyperventilatory CSA; and 3) DANz exhibit a markedly
reduced CO2 peripheral chemosensitivity.

OSAH is believed to result from the presence and/or
interaction of an anatomical and a functional factor. The
anatomical factor is due to the narrowing of the upper
airways (UA) and the functional factor is due to the reduced
effectiveness of the UA dilator muscles during sleep, often in
the presence of an increased UA collapsibility. In the diabetic
subjects with autonomic neuropathy who had no anatomic
alterations and/or obesity, the functional factors seem to be
crucial. This is also because the events were more frequent
during REM sleep, when the tonic and phasic activities of the
UA dilator muscles are deeply reduced, even in nonapnoeic
subjects. Activation of the UA dilator muscles, which
comprise w10 pairs with complex interactions, depends on a
variety of central and peripheral stimuli. The latter, acting on
different types of receptor, may elicit reflexes, which travel
through either somatic or vegetative fibres and help to
maintain the UA dilator muscle tone during wakefulness as
well as during sleep. Several types of receptors have been
identified in the UA and those related to the mechano-
sensitive endings have been classified as receptors responding
to changes in transmural pressure (pressure receptors),
temperature (flow/cold receptors) and degree of muscle
contraction (drive receptors) [25]. The characteristics of the

afferent fibres have not yet been precisely defined, but
evidence exists suggesting that they are type C amyelinic
fibres [26].

Although the role of the reflex activity following stimula-
tion of the mechanoreceptors and particularly the pressure
receptors [27] is still controversial in OSAH, dysfunction of
such receptors, which appears more severe in apnoeic than
snorer subjects [28], is expected to facilitate the occurrence of
OSAH [29, 30]. Indeed, topical pharyngeal anaesthesia with
lidocaine induces OSAH in snorers [31], but does not worsen
OSAH in apnoeic subjects [32, 33], although it may increase
the duration of apnoeas [34].

The evidence that amyelinic fibres carrying autonomic
afferents directly control the threshold of the mechano-
receptors activation [35] may help to explain the present
findings in DANz.

FICKER et al. [9] observed the presence of OSA (AHI o10)
in six of 23 DANz(26%). However, two of these DANzwith
OSA were obese (BMI o29 kg?m-2) and three were w60 yrs.
Moreover, the severity of the autonomic neuropathy was not
defined in DANz with and without OSAH. In contrast, the
current data have been obtained in a cohort of younger and
nonobese DANz, carefully selected according to the severity
of their dysautonomy. Nevertheless, by eliminating important
bias, the results of the present study substantiate the findings
of FICKER et al. [9] and reinforce the idea that the
dysautonomy may favour per se the occurrence of OSAH in
diabetic patients.

Furthermore, these findings indicate the need of assessing
the UA reflexes in diabetic patients with autonomic neuro-
pathy and, in general, support a role for the UA reflexes in the
pathogenesis and natural history of OSAH.

However, other potential mechanisms, such as changes in
the control of the UA muscles at the level of the brainstem,
related to abnormalities in autonomic regulation, could be
involved. In fact, a sufficient coordination between the drive
to the UA dilating muscles and to the inspiratory muscles is
crucial to maintain the UA patency, especially in REM sleep
[36].

The prevalence of SDB has been assessed in many studies,
with figures that need to be interpreted according to the
criteria adopted and the subjects tested. One of the most
comprehensive studies on the age-specific prevalence of
OSAH showed that 15% of 30–60-yr-old males (and 18% of
40–49-yr-old males) had OSAH defined as AHI o10 in a
large sample representative of the general population [37]. In
contrast, in the present study, hypopnoea was identified by
the presence of a discernible reduction in airflow signal
accompanied by a decrease in Sa,O2w4%. However, it is likely
that a substantial, though not available, number of obese
(BMI o29 kg?m-2) subjects were recruited, as the authors
stated that obesity was strongly associated with the presence
of SDB [37]. In a similar population sample (middle-aged
males), BEARPARK et al. [38] found a prevalence of OSAH
(respiratory disturbance index o10) of 8.5% in Australia, but
the data did not indicate how many subjects were sympto-
matic. In addition, an Italian study reported a prevalence of
OSAH (AHI o10 and a history of snoring every night) of
y5% in 40–59-yr-old males [39]. Therefore, a frequency of
OSAH (AHI o10) equal to 33% (five of 15 males) in adult,
nonobese male DANz appears abnormally high compared
with figures reported in age- and sex-matched samples from
the general population, suggesting a role for dysautonomy in
the SBD observed in these subjects.

The second finding of the present study is the absence of
CSA in DANzPHz who exhibit an enhanced CO2 central
chemosensitivity [10, 11]. In different clinical conditions, such
as congestive chronic heart failure [14, 40], acromegaly [12]
and the idiopathic CSA [13], an increased hypercapnic central
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Fig. 2. – Ventilatory response to peripheral carbon dioxide (CO2)
stimulation (change in minute ventilation (DV9E)/change in expiratory
end-tidal CO2 pressure (DPet,CO2)) observed in the control group and
different diabetic groups (DAN-: adult, nonobese diabetics, without
autonomic neuropathy; DANzPH-: adult, nonobese diabetics, with
autonomic neuropathy and without postural hypotension; and
DANzPHz: adult, nonobese diabetics, with autonomic neuropathy
and postural hypotension). Data are presented as individual values
and mean values with 95% confidence intervals. ***: pv0.001 versus
all diabetic groups.
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drive has been shown to be associated with periodic breathing
and/or CSA during sleep stages I and II. The underlying
mechanism of this SDB, which invariably occurs after periods
of hyperventilation, has been clarified and relies on the
excessive responsiveness of the respiratory centres to CO2 [41,
42]. However, as previously observed in the idiopathic CSA
[13], an increase in the peripheral rather than central CO2

chemosensitivity appears to be more relevant in determining
the posthyperventilatory central apnoeas. In fact, the ventila-
tory modulation following the acute "breath-by-breath" and
"intra-breath" arterial CO2 tension (Pa,CO2) changes, which
is crucial for eliciting a rapid hyperventilatory response,
is mainly related to the peripheral chemoreceptors9 CO2

sensitivity [43, 44]. Accordingly, the substantial decrease in
the peripheral CO2 chemosensitivity found in DANz may
well explain the lack of CSA in the group of DANzPHz,
despite their enhanced central responsiveness to CO2.

In line with this reasoning, the Pet,CO2 of the DANzPHz
group was normal and not lower than that observed in the
other diabetic groups and controls (table 1), suggesting
the absence of arterial hypocapnia, the pathogenetic role of
which is of paramount importance for developing post-
hyperventilatory CSA [41, 42]. Although arterial Pa,CO2 was
not measured in these subjects, it is widely accepted that, in
the absence of lung disease and in the presence of an adequate
"plateau", as in the diabetics in this study, Pet,CO2 reflects
satisfactorily alveolar CO2 pressure and, thus, Pa,CO2 [45].

The marked reduction in the peripheral chemoresponsive-
ness to CO2 shown by DANzmay possibly be ascribed to the
damage of the parasympathetic nervous fibres that normally
convey afferents from the carotid bodies to the respiratory
centres, in line with what has been reported in animals and
humans [46, 47].

It is difficult, however, to explain such a reduction in
DAN-. Indeed, while in DANz the peripheral chemorespon-
siveness to hypoxia is also diminished [48], it is better
preserved in DAN- [49]. Further studies are needed to clarify
this aspect in DAN-.

Limitations of the study

In this study, nasal and oral airflow was evaluated by
thermistors. It is well recognised that thermistors can be
inaccurate for quantifying hypopnoeas [50] and that a nasal
cannula, recording nasal pressure oscillations, would be pre-
ferable as a flow-measuring device. In any case, thermistors
would have caused an underdetection of hypopnoeas in all
subjects and particularly in DANz who showed a larger
number of events. Thus, the authors do not believe that this
could influence the meaning of the data obtained in this study.

These results of this study, however, have to be confirmed
in a larger population of diabetic patients who also deserve to
be evaluated by more adequate techniques for hypopnoeas
and upper airway resistance episodes.

Conclusions

In diabetic subjects, autonomic neuropathy does not
appear to induce, when severe, posthyperventilatory central
sleep apnoea, although it is associated with a relatively high
frequency of obstructive sleep hypopnoea/apnoeas. The
underlying mechanism has to be elucidated, but could be
related to an impairment of the upper airway reflexes,
possibly due to alterations of the autonomic nervous fibres
involved in their regulation.
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