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HIGHLIGHTS
» Sleep disorders (SDB) were studied in adults with type 1 diabetes
» Polysomnography and glucose variability assessment were combined to screen for SDB
+ SDB was highly prevalent and associated with obesity

» Sleep disorders were not associated with glucose variability or low glucose values

ABSTRACT

Aims: There are few published data on sleep-disordered breathing (SDB) in type 1 diabetes
(T1DM). Here, we used a combination of polysomnography and glucose variability assessment to
screen for SDB.

Methods: In a prospective, single-centre study, adults with T1DM underwent polysomnography
and continuous glucose monitoring during a single night. We measured high glucose variability and
the occurrence of a low or very low glucose level. Mild and moderate-to-severe SDB were defined
as an apnoea-hypopnoea index above 5/h and 15/h, respectively.

Results: We studied 46 patients (25 men; median age: 42 [35-54]; diabetes duration: 18 years [13-
29]; body mass index (BMI): 24.8 kg/m? [23.0-28.9]). SDB was present in 17 patients (37.0%)
overall (mild SDB: n=9; moderate-to-severe SDB; n=8). When compared with the absence of SDB
or mild SDB, moderate-to-severe SDB was associated with a higher BMI (29.8 kg/m? [27.8-31.1))
and a longer diabetes duration (26 years [18-31]) but not with above-target glucose variability or
more sleep disorder symptoms. Conversely, sleep disorder symptoms were not more frequent in
patients with above-target glucose variability.

Conclusion: SDB was highly prevalent and associated with obesity. According to the methods
used here, sleep disorders were not associated with above-target glucose variability or low glucose

values.

Keywords: sleep-disordered breathing; type 1 diabetes; polysomnography; continuous glucose
monitoring; glucose variability.



Introduction

Screening for sleep-disordered breathing (SDB) should be a public health objective per se because
this highly prevalent, often insidious (and therefore underdiagnosed) disorder is strongly
associated with non-fatal and fatal cardiovascular events (1). Obesity is the primary risk factor for
SDB (2,3). Hence, it is not surprising that the prevalence of SDB is strongly linked to type 2
diabetes mellitus (T2DM) (4,5) and metabolic syndrome (6). SDB and T2DM form a vicious circle;
obesity, high insulin levels and insulin resistance are associated with sleep disorders (7), whereas
sleep disorders are associated with incident T2DM (4,5).

In view of the known link to T2DM, we decided to study the prevalence of SDB in people with type
1 diabetes mellitus (T1DM). Firstly, T1IDM (with the complete absence of insulin) generally occurs
in non-obese people. Secondly, autonomic neuropathy is a frequent complication of T1IDM and
increases the risk of developing SDB (8-11). Thirdly, the presence of SDB might (at least in
theory) exacerbate the characteristic glucose variability seen in T1DM; even in healthy people,
hypoxemia and sleep fragmentation are associated with decreased insulin sensitivity, elevated
sympathetic tone, and elevated plasma glucose levels (5). Hence, SDB might further increase the
risk of diabetic vascular complications in people with T1DM.

There are few published reports on the association between T1DM and sleep disorders. Although
SDB appears to be more prevalent in people with T1DM than in the general population (5), the true
extent of this disorder has not been unambiguously determined. In fact, the definition of SDB and
the methods used to determine the presence and severity of this condition (questionnaires, nasal
airflow, snoring, actimetry, oximetry, polygraphy, polysomnography, etc.) varied markedly from one
study to another (12-16). Lastly, the relationship between sleep characteristics and glucose
variability in adults with T1DM has not previously been investigated (17).

To this end, we used a combination of polysomnography and glucose variability measurements to
assess SDB in adults with T1DM.

Patients and methods

Study design

We performed a cross-sectional, single-centre clinical study of PSG coupled to glucose variability
assessment. Given that the treatment of SDB depends on its severity, we distinguished between
mild or absent SDB on one hand and moderate-to-severe SDB on the other. We then compared
these two group with regard to their demographic characteristics. Furthermore, we compared the
prevalence of moderate-to-severe SDB in our study population vs. that observed in the general
population. Lastly, we assessed the sleep characteristics as a function of the presence or absence
of abnormal glucose variability and hypoglycaemic episodes.

The study was sponsored by Amiens University Hospital (Amiens, France) and was conducted in
accordance with the Declaration of Helsinki, good clinical practice guidelines, and the French
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legislation on clinical research and data protection. Moreover, the study’s objectives and
procedures were approved by an independent ethics committee at Clermont-Ferrand University
(Clermont-Ferrand, France; reference: 2017-A02250-53). All the included patients gave their

written, informed consent to participation.

Participants

We included consecutive, scheduled day patients admitted to the Department of Endocrinology-
Diabetology-Nutrition at Amiens University Hospital (Amiens, France) for poor diabetes control, the
intensification of insulin therapy or the initiation of insulin pump therapy between November 2017
and January 2019 and who had given their consent to participation in the study soon after
admission.

The inclusion criteria were as follows: age 18 or over, T1DM diagnosed at least 3 years previously,
and autoantibodies against glutamic acid decarboxylase, insulinoma-associated antigen 2 and/or
insulin.

The exclusion criteria were as follows: T2DM; poor treatment adherence (failure to attend follow-up
consultations, no adherence to glucose self-monitoring etc.), physician-diagnosed sleep disorders,
continuous positive airway pressure treatment; facial anomalies compatible with acromegaly;
neuromuscular diseases (e.g. Steinert’s disease), and non-standard work hours (e.g. shift work or
night work), and legal guardianship.

Data on T1DM

Diabetic complications were defined as (i) nephropathy (evidenced by microalbuminuria (30-300
mg per day) or proteinuria (>300 mg/day) in patients with and without renal failure (calculated
using the CKD-EPI formula); (ii) retinopathy (evidenced by a recent funduscopic examination or
retinography); (iii) sensorimotor polyneuropathy (clinical symptoms and a positive monofilament
test) or autonomic neuropathy (blood pressure and heart rate changes after standing, or a
prolonged QT interval on an ECG); and (iv) macroangiopathy (a history of cardiovascular events
and large vessel stenosis on Doppler ultrasound).

All clinical and laboratory data were determined during the hospital stay shortly before study entry.

Comparisons of the prevalence of SDB

We used Peppard et al.’s community-based study (18) in the United States as a reference for the
prevalence of SDB in the general population, although the data covered the periods 1988-1994
and 2007-2010 only. In brief, Peppard et al. estimated the prevalence of SDB in the state of
Wisconsin by analyzing data on participants selected at random from a population of adults in
employment. A total of 1,520 participants (aged 30-70) underwent baseline polysomnography
studies. The prevalence of sleep-disordered breathing was then modelled as a function of age,
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sex, and body mass index (BMI), and estimates were extrapolated to the US BMI distributions
estimated in the National Health and Nutrition Examination Survey. The latest prevalence
estimates [95% confidence interval] for moderate-to-severe SDB were 10% [7-12] among men
aged 30 to 49, 17% [15-21] among men aged 50 to 70, 3% [2-4) among women aged 30 to 49,
and 9% [7-11] among women aged 50 to 70.

Of course, these estimates might need to be updated because of the increase in the prevalence of
obesity over the last decade. In France, the prevalence of obesity is lower than that in the US but
has increased progressively over the last 20 years (19).

Procedures

Patients were admitted for standard PSG (from 7pm to 8am) using the Brainnet System (Medatec,
Brussels, Belgium) coupled to an electroencephalogram, an electrooculogram, an electromyogram,
continuous nasal airflow monitoring, thoracic and abdominal movement (using strain gauges) and
oxygen saturation measurement with a pulse oximeter (Medatec). Continuous glucose monitoring
(CGM) during the night was performed with the G4 Platinum subcutaneous sensor system
(Dexcom, San Diego, CA, USA) and the Vibe monitor (Animas Corporation, Chesterbrook, PA,
USA). Prior to PSG, excessive daytime sleepiness was scored on the Epworth sleepiness scale; a
score of 11 of more was considered to be positive.

Polysomnography

Obstructive apnoea, central apnoea, mixed apnoea and hypopnea were defined according to the
2014 American Academy of Sleep Medicine standards (20). According to rule 1A, hypopnea was
scored if all the following criteria were met: (i) the peak nasal pressure signal excursion dropped by
= 30%, relative to the pre-event baseline; (ii) the 230% drop in signal excursion lasted for at least
10 seconds; and (iii) the fall in oxygen desaturation was at least 3% (relative to the pre-event
baseline) and/or was associated with arousal.

SDB was defined as an apnoea-hypopnoea index (AHI) of at least 5/h. The severity was defined as
mild (AHI = 5-14/h), moderate (AHlI = 15-29/h) or severe (AHI =30/h) (21). All the
polysomnography data were interpreted by the same trained neurophysiologist.

Glucose variability and hypoglycaemic episodes

Above-target glucose variability during CGM was defined as a percentage coefficient of variation
(%CV-CGM >36%) (22). Hypoglycaemia was classified as moderate (<70 mg/dl) or severe (<54
mg/dl) (23). All the CGM data were interpreted by the same trained diabetologist.

Statistical analysis



We first tabulated the patients’ baseline characteristics. In view of the data’s non-normal
distribution, continuous variables were expressed as the median [interquartile range (IQR)].
Categorical variables were expressed as the frequency (percentage).

We calculated the expected prevalence of moderate-to-severe SDB in our study cohort by using
Peppard et al.’s sex, age and BMI distribution data (18). We compared this expected prevalence
with the observed prevalence by applying a binomial test. In a sensitivity analysis, we considered a
30% increase in the expected prevalence. Group values were compared in Fisher's exact test or a
non-parametric Mann-Whitney test, as appropriate. We assessed the correlations between the AHI
on one hand and various anthropometric parameters (BMI, waist circumference, and neck
circumference) and the %CV-CGM on the other by calculating Spearman’s coefficient (separately
for men and for women). Statistical analysis was performed with PASW Statistics 17 software
(SPSS, Inc; Chicago, IL). All tests were two-tailed, and the threshold for statistical significance was
set to p<0.05.

Results

Characteristics of the study population and the prevalence of SDB

Fifty-nine eligible patients were screened for inclusion during the study period. Of these, 46 met all
the inclusion criteria and agreed to participate in the study. The patients’ demographic
characteristics are summarized in Table 1. The male/female sex ratio was 1.19:1, the median
[IQR] age was 42 [35-54], and the median diabetes duration was 18 years [13-29]. The median
BMI (24.8 kg/m? [23.0-28.9]) was close to the threshold for overweight; around one third of the
patients were overweight, and one sixth were obese. Two-thirds of the patients were being treated
with an insulin pump. For the study population as a whole, microvascular and neurological
complications were more frequent than macrovascular complications (data not shown).

According to our screening technique, 17 patients (37.0%) had SDB; the disorder was mild in 9
patients (19.6%), moderate in 5 (10.9%), and severe in 3 (6.5%). Hence, there were 38 patients
(82.6%) in the “absent/mild SDB” group and 8 (17.4%) in the “moderate-to-severe SDB” group. It
should be noted that none of the female participants had moderate-to-severe SDB.

According to Peppard et al.’s models, the estimated prevalence of moderate or severe SDB in the
general population (adjusted for age and sex) was 4.6%; the significantly greater value in our study
population (17.4%, p=0.001) cannot be explained solely by the increase in the prevalence of
obesity observed over the last 20 years (i.e. the time difference between Peppard et al.’s study and
the present study) (Figure 1).

Glucose variability and hypoglycaemic episodes
The overnight CGM revealed that 22 participants (47.8%) had above-target glucose variability
(%CV-CGM>36%). One or more episodes of moderate hypoglycaemia (<70 mg/dl) or severe
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hypoglycaemia (<54 mg/dl) were observed in 19 (41.3%) and 13 (28.3%) participants, respectively
(Tables 2-3). The sleep characteristics did not differ significantly as a function of the presence or
absence of glucose variability or the presence or absence of hypoglycaemic episodes.

Correlation studies

We observed a statistically significant, positive correlation between the AHI on one hand and the
BMI and waist and neck circumferences on the other in male patients but not in female patients
(Table 4). The AHI was not correlated with %CV-CGM.

Discussion

The present prospective study is the first to have concomitantly assessed the prevalence of SDB
and glucose variability in adults with T1IDM. According to the literature, the prevalence of SDB in
T1DM ranges from 46.3% (in a PSG study of 67 patients) (24) to 56.5% (in a polygraphy study of
23 patients) (14). The estimated prevalence of moderate-to-severe SDB ranges from 10.3% (in an
airflow/pulse oximetry study of 58 patients) (13) to 23.1% (in a polygraphy study of 58 patients)
(14). Our study results (a prevalence of 37% for SDB and 17.4% for moderate-to-severe SDB) are
in line with these literature data. All the patients with moderate-to-severe SDB in our study were
men. Only one study reported a sex difference in the prevalence of SDB in a univariable analysis,
although this difference disappeared in a multivariable analysis (16). The other above-mentioned
studies did not find a sex difference in the prevalence of SDB. However, these studies featured
small population sizes.

The prevalence of SDB in T1DM therefore appears to be higher than that encountered in the
general population, according to Peppard et al. Using baseline polysomnography data from 1520
adults (aged 30-70), the latter researchers estimated the prevalence of SDB for the period 1988-
2011 (18).

The patients in our “moderate-to-severe SDB” and “no/mild SDB” groups did not differ significantly
with regard to diabetes control (HbA1c) or above-target glucose variability. Other studies of SDB in
people with T1DM did not find clinical or demographic differences as a function of the severity of
SDB; however, none of these studies looked at glucose variability. It is noteworthy that in people
with T2DM, severe SDB is associated with a higher HbA1c level (0.5%-0.8%).

Our data raise the question of the role of adiposity in SDB among people with TIDM. In the
present study, patients with moderate-to-severe SDB had significantly higher BMI, waist
circumference and neck circumference values -suggesting that greater adiposity is involved in the
pathogenesis of SDB in this population. This hypothesis is supported by the facts that we observed
moderate-to-severe SDB in men, in whom markers of adiposity were positively correlated with the
AHI (in contrast to female patients). In contrast, AHI was not correlated with glucose variability
(%CV-CGM). In other words, our present results do not support a hypothetical link between SDB
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and T1DM (expressed as glucose variability, hypoglycaemic episodes, and/or autonomic
neuropathy) per se.

It is noteworthy that (i) the patients with moderate-to-severe SDB did not have a greater frequency
of clinical symptoms (which might contribute to the underdiagnosis of this condition) or a higher
frequency of glucose variability or hypoglycaemic episodes, and (ii) sleep abnormalities were not
more frequent in patients with marked glucose variability or frequent hypoglycaemic episodes.

The present study had a number of limitations. Firstly, we did not perform a multivariate analysis of
the link between obesity and SDB. This search for other risk factors of SDB would have been
interesting but was prevented by the fact that all the cases of moderate-to-severe SDB occurred in
men. Secondly, given the small number of patients with diabetic complications, we did not take
account of the possible association between the latter and SDB; any comparisons would have
lacked statistical power. Thirdly, we did not take account of the number and duration of
hypoglycaemic episodes. Fourthly, only two thirds of the patients were screened for autonomic
neuropathy - a good candidate SDB risk factor. Lastly and most importantly (given the prevalence
of overweight and obesity in our patients), our study lacked a control group of non-diabetic
participants matched for body weight (although it is very difficult to constitute a control group
matched for the main demographic characteristics).

Nevertheless, the study also had a number of strengths. Firstly, our study population (n=46) was
relatively large. Secondly, we used the “gold standard” method (PSG) to assess SDB. Lastly, the
present study is the only one to have recorded sleep and CGM data concomitantly in people with
T1DM.

Conclusion

According to the methods used in the present study, (i) the prevalence of SDB in T1DM was much
higher than a literature value for the general population; (ii) moderate-to-severe SDB was observed
only in male patients, in whom markers of adiposity were positively correlated with the AHI (in
contrast to female patients); (iii) the patients having moderate-to-severe SDB were not more
symptomatic and did not show more glucose variability or hypoglycaemic episodes; (iv) the
prevalences of above-target glucose variability and hypoglycaemic episodes were not associated
with a greater prevalence of sleep abnormalities, and (v) the low frequency of symptoms in the
patients with SDB might contribute to the underdiagnosis of this condition.

Our results ultimately suggest that the high prevalence of SDB in patients with T1DM was linked to
adiposity and not the diabetic state per se. We therefore suggest that all patients with T1DM and
BMI =30 kg/m? and/or waist circumference =100 cm should be screened for SDB.
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Legend to the figure

Figure 1: Prevalence of sleep-disordered breathing (SDB) in people with Type 1 diabetes and
comparison to the prevalence expected in general population according to Peppard (18) (see
Methods). SDB was defined as an apnoea-hypopnoea index (AHI) = 5/h. Severity of SDB was
defined as mild with an AHI = 5/h and < 15/h, moderate with an AHI = 15/h-and < 30/h and severe
with an AHI = 30/h.
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Table 1: Characteristics of the study population as a function of the severity of SDB (either mild or
absent, AHI <15/h, or moderate-to-severe, AHI 215/h).

Total Absence of SDB ~ Moderate-to-severe  p-value
(n=46) or mild SDBonly SDB
(n=38) (n=8)

Demography

Sex
Male 25 (54.3) 17 (44.7) 8 (100.0) 0.005
Female 21 (45.7) 21 (55.3) 0 (0)

Age, years 42 [35-54] 41 [32-50] 50 [41-61] 0.068

Diabetes duration (years) 18 [13-29] 16 [11-28] 26 [18-31] 0.117

Insulin therapy
Insulin pump 30 (65.2) 25 (65.8) 5 (62.5) 1.0
Multiple daily injections 16 (34.8) 13 (34.2) 3 (37.5)

HbA1c (mmol/mol) 60 [53-69] 57 [52-67] 70 [63-75] 0.053

HbA1c (%) 7.6 [7.0-8.5] 7.4[6.9-8.3] 8.6 [7.9-9.0] 0.053

Weight (kg) 72.6 [65.8-83.5] 69.4 [64.5-80.5] 92.2 [80.5-97.2] <0.001

BMI (kg/m?) 24.8 [23.0-28.9] 24.5 [22.2-26.9] 29.8 [27.8-31.1] 0.004
Normal weight: 18-24.9 24 (52.2) 23 (60.5) 1(12.5)

Overweight: 25-29.9 14 (30.4) 11 (28.9) 3 (37.5)
Obese: 230 8(17.4) 4 (10.5) 4 (50.0)

Waist circumference (cm) 86.5 [77.0-98.0] 83.5[76.0-92.0] 104.0 [100.0-114.5] <0.001
Male 95.0 [83.5-104.0] 87.0[81.0-97.5] 104.0 [100.0-114.5]  0.001
Female 77.0 [74.5-90.0] 77.0 [74.5-90.0]

Neck circumference (cm) 37.0 [35.0-39.0] 36.5 [35.0-38.0] 41.5 [39.5-43.8] <0.001

Hypertension 11 (23.9) 5(13.2) 6 (75.0) 0.001

Lipids
HDL (g/l) 0.56 [0.46-0.64] 0.56 [0.46-0.67] 0.55[0.51-0.62] 0.664
LDL (g/l) 0.98 [0.83-1.19] 0.97 [0.84-1.11] 1.08 [0.78-1.49] 0.603
Triglycerides (g/1) 0.76 [0.66-1.04] 0.76 [0.66-0.99] 1.04 [0.64-1.27] 0.237

Cardiovascular risk
Very high risk 27 (58.7) 20 (52.6) 7 (87.5)

High risk 11 (28.9) 11 (28.9) 0 (0.0)
Moderate risk 8 (17.4) 7 (18.4) 1(12.5)

Sedentary lifestyle 21 (46.7) 16 (43.2) 5 (62.5) 0.443

Tobacco use
Never-smoker 25 (54.3) 20 (52.6) 5 (62.5)

Active smoker 11 (23.9) 10 (26.3) 1(12.5)
Former smoker 10 (21.7) 8 (21.1) 2 (25.0)

Cardiovascular outcomes
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Coronary artery disease 4 (8.9) 1(2.7) 3 (387.5)

Cerebrovascular stroke 3 (6.5) 0 (0) 3 (37.5)

Peripheral vascular disease 3 (6.5) 1(2.6) 2 (25.0)
Retinopathy 15 (32.6) 9 (23.7) 6 (75.0)
Nephropathy 4 (8.7) 1(2.6) 3 (37.5)
Neuropathy

Peripheral neuropathy 8 (17.4) 5(13,2) 3 (37.5)

Autonomic neuropathy (n=30) 11/30 (36.7) 8/25 (32.0) 3/5 (60.0)
Sleep characteristics
Epworth sleepiness scale score >10 11 (23.9) 10 (26.3) 1(12.5)
Number of symptoms suggestive of 4 [2-5] 4 [2-5] 4 [2-5] 0.767
SDB
Sleep efficiency (%) 86.5 [80.4-92.9] 88.2 [82.8-93.5] 79.8 [72.9-88.3] 0.064
NREM stage 1 (%) 8.3[4.2-13.4] 6.7 [3.6-12.3] 8.8 [6.5-14.2] 0.262
NREM stage 2 (%) 53.9 [49.2-59.0] 52.5 [49.0-57.2] 57.1 [54.6-60.7] 0.089
NREM stage 3 (%) 20.0 [15.4-25.0] 20.5[15.4-25.4] 19.0 [15.0-20.3] 0.286
REM (%) 16.7 [13.6-21.2] 17.1 [14.6-21.4] 12.4 [8.7-20.8] 0.152
Micro-arousal index (/h) 8.1[5.4-12.3] 7.2[4.8-10.4] 12.2[9.6-25.4] 0.003
WASO (%) 11.9 [8.4-16.6] 10.6 [7.8-15.8] 16.7 [13.6-27.9] 0.006
Glucose variability
Coefficient of variation >36% 22 (47.8) 17 (44.7) 5 (62.5) 0.451
Glucose level <70 mg/dl 19 (41.3) 14 (36.8) 5 (62.5) 0.246
Glucose level <54 mg/dl 13 (28.3) 9 (23.7) 4 (50.0) 0.143

Data are expressed as the n (%) or the median [IQR].

AHI: apnoea-hypopnoea index; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein;
NREM: non-rapid eye movement (NREM sleep was divided into 3 stages according to The American Academy of
Sleep Medicine (20)); REM: rapid eye movement; WASO: wakefulness after sleep onset; SDB: sleep-disordered
breathing.
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Table 2: Sleep characteristics according to within or above-target glucose variability (%CV-CGM
<36% or >36%, respectively).

Within Above p-value

(n=24) (n=22)
Sleep
Epworth sleepiness scale >10 6 (25.0) 5 (22.7) 1.0
Number of symptoms suggesting SDB 4 [2-6] 4 [2-5] 0.873
Sleep efficiency (%) 87.0 [80.0-92.6] 86.5[81.5-93.3] 0.900
NREM1 (%) 8.7 [3.9-13.2] 5.6 [4.2-13.7] 0.657
NREM2 (%) 54.2 [50.7-57.2] 53.2 [48.3 - 60.7] 0.773
NREMS3 (%) 19.1 [15.3-24.4] 20.5[17.5—-25.4] 0.590
REM (%) 16.7 [14.2-19.5] 17.1[11.8 - 23.3] 0.883
Micro-arousal index (/h) 8.8[6.1-13.6] 7.6[4.8-10.5] 0.353
WASO (%) 13.0 [9.8-17.0] 10.2 [7.8 — 16.5] 0.287
AHI (/h) 4.4[1.3-12.2] 2.7[0.8-12.7] 0.516
AHI >15/h 3(12.5) 5(22.7) 0.451

Data are expressed as the n (%) or the median [IQR].

%CV-CGM: coefficient of variation of glucose values using continuous glucose monitoring; AHI: apnoea-
hypopnoea index; BMI: body mass index; NREM: non-rapid eye movement (NREM sleep was divided into 3
stages according to The American Academy of Sleep Medicine (20)); REM: rapid eye movement; WASO:
wakefulness after sleep onset.
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Table 3: Sleep characteristics according to the presence or not of glucose levels below 70 or 54 mg/dl.

Below 70 mg/dl

Below 54 mg/dl

Absence Presence p-value Absence Presence p-value
(n=27) (n=19) (n=27) (n=19)
Sleep
Epworth sleepiness scale >10 4 (14.8) 7 (36.8) 0.159 7 (21.2) 4 (30.8) 0.702
Number of symptoms 4 [2-5] 4 [2-5] 0.880 2 [4-5] 3 [4-7] 0.655
suggesting SDB
Sleep efficiency (%) 85.8 [80.0-92.2] 86.7 [80.5-93.4] 0.753 88.2 [80.0 — 93.1] 86.2 [81.2-92.7] 0.919
NREM stage 1 (%) 9.1[4.4-13.8] 5.2[4.1-10.4] 0.296 8.6 [4.0—13.6] 5.9[4.2-9.7] 0.524
NREM stage 2 (%) 52.3[48.9-56.7] 54.8 [50.4-62.5] 0.208 54.1 [49.1 — 56.9] 53.6 [49.8 — 62.5] 0.422
NREM stage 3 (%) 19.8 [15.5-25.5] 20.1 [11.3-24.4] 0.212 19.8 [15.5 — 25.4] 20.1[12.6 — 23.3] 0.443
REM (%) 16.4 [14.2-19.0] 19.4[11.1-25.1] 0.349 16.4 [14.3 — 19.4] 19.4[10.4 — 25.4] 0.337
Micro-arousal index (/h) 8.0 [5.2-12.8] 8.9 [5.4-10.6] 0.912 8.6 [5.6 —12.8] 6.8[4.8-10.2] 0.499
WASO (%) 13.7 [9.6-17.2] 10.2 [8.3-16.2] 0.476 13.7[9.7 — 17 4] 9.9[7.9-15.1] 0.268
AHI (/h) 3.8[1.0-11.7] 2.7 [0.5-15.2] 0.978 3.8[1.1-11.9] 2.7[0.5-15.3] 1.0
AHI >15/h 3(11.1) 5(26.3) 0.246 4(12.1) 4 (30.8)

Data are expressed as the n (%) or the median [IQR].
AHI: apnoea—hypopnoea index; BMI: body mass index; NREM: non-rapid eye movement (NREM sleep was divided into 3 stages according to
The American Academy of Sleep Medicine (20)); REM: rapid eye movement; WASO: wakefulness after sleep onset.
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Table 4: Spearman coefficients for the correlations between AHI on one hand and BMI, waist

circumference, neck circumference, and glucose variability on the other.

Total (n=46) Male (n=25) Female (n=21)

IAH / BMI 0.47 (p = 0.001) 0.68 (p < 0.001) 0.25 (p = 0.281)
IAH / waist circumference 0.67 (p < 0.001) 0.75 (p < 0.001) 0.40 (p = 0.072)
IAH / neck circumference 0.60 (p < 0.001) 0.72 (p < 0.001) 0.22 (p = 0.339)
IAH / %CV-CGM -0.04 (p = 0.770) 0.07 (p = 0.758) -0.06 (p = 0.786)

AHI: apnoea—hypopnoea index; BMI: body mass index; %CV-CGM: coefficient of variation in
the blood glucose level, according to continuous glucose  monitoring.
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