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Abstract

Introduction: Current evidence supports an association between Obstructive Sleep Apnea Syndrome
(OSAS) and insulin resistance and type 2 diabetes mellitus (DM 2). The relation between glycemic
profile and severity of OSAS, in nondiabetic patients, is complex and still remains poorly understood.

Aim: To examine the potential correlation between sleep characteristics and glucose metabolism in
nondiabetic patients, with OSAS.

Materials and Methods: Included were one hundred and fifty seven (157, 104 men and 53 women),
with mean age 46.63+10.45years old and mean Body Mass Index (BMI) 31.47+5.8kg/m2, nondiabetic
patients, recently diagnosed with OSAS, by full polysomnography. Patients were subdivided into four
groups, according to their fasting plasma glucose (FPG) levels: group |: £75mg/dl (n=44), group II:
76-86mg/dl (n=37), group lll: 87-96mg/dl (n=33) and group IV: 297mg/dl (n=43).

Results: Both, group |, with the lowest FPG and group IV, with the highest FPG were strongly
associated with apnea-hypopnea index (AHI) (p=0.02), a widely accepted marker of the severity of

OSAS, and with percentage of sleep time with saturation of hemoglobin with oxygen as measured by
pulse oximetry (SpO2) < 90% (t < 90%), (p=0.041).

Conclusions: In conclusion, the severity of OSAS among nondiabetic patients correlates in a u-shaped
relation with FPG. A compensatory, early rise in insulin secretion to maintain normal to low FPG could
be an underlying mechanism that promotes the future development of DM 2, in OSAS. More studies are
needed to assess whether early diagnosis and treatment of OSAS may reverse insulin resistance and
prevent progress to diabetes.

Key words: Metabolism, Glucose, Insulin resistance (IR), Obstructive, sleep apnea syndrome
(OSAS), Apnea-Hypopnea Index, Hypoxemia

Introduction

OSAS is characterized by repeated episodes of  alterations and sleep fragmentation. It is a common
complete or partial obstruction of the upper airway  disorder, affecting approximately 3%-7% of adult
during sleep, associated with increased respiratory  men and 2%-5% of adult women in the general
efforts, intermittent arterial oxygen desaturation, population and an important cause of morbidity and
systemic and pulmonary arterial blood pressure  mortality.[1, 2]
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Sleep apnea is recognized as a risk factor for
insulin resistance (IR), independently of obesity,
whereas, several studies have also documented
bidirectional associations between OSAS and DM.
Indeed, the prevalence of OSAS is estimated to be
between 18% and 36% in patients with type 2 DM,
whereas the prevalence of type 2 DM is
approximately 30% in OSAS patients.[3-5] OSAS is a
complex disorder involving intermittent hypoxia (IH),
sleep fragmentation, low amounts of Slow Wave
Sleep (SWS), and reduced total sleep time (TST). Sleep
duration, quality, respiratory function during sleep,
and circadian timing have all been linked to abnormal
glucose metabolism.[6]

Ip and colleagues reported that markers of OSAS
severity (Apnea Hypopnea Index [AHI] and
minimum oxygen saturation [minSaO2]) were
associated with insulin resistance[7], while Punjabi
and colleagues found that sleep-disordered breathing
(SDB) was associated with insulin resistance in mildly
obese but otherwise healthy males from the general
population.[8] Cross-sectional data from the Sleep
Heart Health Study and the Wisconsin Sleep Cohort
found similar results in population cohorts.[5, 9]
However, the longitudinal data from the Wisconsin
Cohort could not demonstrate a clear relationship
between SDB and the subsequent development of
DM.[5]

In patients that do not meet the criteria for the
diagnosis of diabetes, the exact pathophysiological
mechanism of the association between glycemic
profile and severity of OSAS, remains unclear. In
normal conditions, plasma glucose homeostasis is
tightly controlled so that an elegant balance exists
between glucose delivery and its utilization by
peripheral tissues, in order for critical metabolic
fueling to be constantly optimized and matched to
demand.[10] Pamidi and colleagues demonstrated
that in a population of very young, lean, and healthy
men who are free of cardiometabolic disease, the
presence of OSAS was associated with insulin
resistance and a compensatory rise in insulin secretion
to maintain normal glucose tolerance after ingestion
of glucose load.[11] Another study, among
nondiabetic and normotensive patients, proved that
glucose and arterial pressure variability were
associated with markers of OSAS severity (AHI, %
sleep time with SaO2 <90%, minSa02).[12] Also, in
nondiabetic  male OSAS  patients  without
comorbidities, the severity of OSAS (evaluated by the
number of respiratory cessation events, the indices of
hypoxemia during sleep and the arousal index) was
associated with increased fasting glucose and HbA1c
levels.[13] Finally, 5 hours of intermittent hypoxia in

healthy volunteers while awake, resulting in an
average of 24.3 desaturation events per hour,
equivalent to hypoxia in OSAS of moderate severity
(15<AHI<30), reduced insulin sensitivity and glucose
effectiveness by 17 and 31%, respectively, without
simultaneous increase in insulin secretion.[14] These
results suggested that hypoxic stress may have an
intrinsic adverse impact on glucose metabolism and
diabetes risk.

Thus, the aim of the present study was to further
clarify potential correlations of sleep characteristics
with glucose metabolism in patients with OSAS and
without a previous diagnosis of diabetes, whose
glucose metabolism ranged from normal to
pre-diabetic fasting glucose.

Subjects and Methods

Study group

Two hundred twenty four (224) consecutive
subjects, evaluated for suspected OSAS, between
January and June 2009, comprised the study group.
Each participant was evaluated by an experienced
sleep physician. Exclusion criteria were: known
diabetes mellitus or fasting glycaemia (fasting glucose
> 126 mg/dl or glycosylated hemoglobin
[HbA1c]>6.5%) [15], cardiovascular or cerebrovascular
disease, hypertension or other chronic disease,
systemic medication use, as well as previous
diagnosis and/or treatment for OSAS. The study was
approved by the Institutional Ethics Committee and
all subjects gave written informed consent.

Study protocol

All participants were examined with detailed
medical history, full clinical examination and
questionnaires about sleep habits. Thirty one (31)
candidates dropped out because they had one or more
of the exclusion criteria (1st level).

Each subject, of the remaining one hundred
ninety three (193), underwent standard full night
polysomnography  (PSG) (Alice-4, Respironics,
Pennsylvania, USA)). Sleep records were manually
scored, according to standardized criteria.[16] Apnea
was defined as the breathing cessation that exceeded
10 sec. In addition, hypopnea was defined as the
reduction in airflow of approximately 30% which was
associated with a reduction of 3% or more of
oxyhemoglobin saturation. AHI was defined as the
total number of apneas and hypopneas per hour of
electroencephalographic sleep and moderate to severe
OSAS was defined as an AHI of 215/hour.[17] Fasting
venous blood sample was collected the day after PSG,
between 8 and 9 AM.
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Thirty six (36) more participants were dropped
out at this 2nd level because they had either a normal
PSG (AHI<5), and/or episodes of central apneas
>50% of total events, and/or fasting glycaemia
(fasting glucose 2126 mg/dl or glycosylated
hemoglobin [HbAlc] = 6.5%). The study protocol is
presented in Figure 1.

Blood assays

Fasting venous blood samples were collected the
day after PSG, between 8 and 9 AM, after an
overnight fast to measure levels of glucose, total
cholesterol, HDL, low density lipoprotein (LDL),
triglycerides, and uric acid. Biochemical analyses
were performed in an ILAB 600 analyzer (Biochem,
Tokyo, Japan) with enzymatic method for glucose

(mg/dL).

Statistical analysis

A total of 157 OSAS patients were included in
the statistical analysis. Analysis was performed with
SPSS for Windows, version 18.0 (SPSS, Chicago, IL,
USA). Analysis of variance (ANOVA) with post-hoc
Bonferroni corrections and polynomial contrasts were
performed in order to assess differences among
groups. Chi-square test was used to detect differences
among-group in dichotomous variables. Analysis of
co-variance was applied to adjust for confounding
factors in regard to the relationships between glucose

and  apnea-related  characteristics.  Statistical
significance was defined at a level of 5% (p < 0.05).

Results

We examined 104 men and 53 women with mean
age 46.63£10.45 years old (from 22-69 years old) and
mean Body Mass Index (BMI) 31.47+5.8 kg/m? (from
20.9-59.0 Kg/m?). Sleep and metabolic characteristics
of our study population are presented in Table 1.

Subjects were divided into 4 groups based on the
cutoff value of 75, 86, 96 mg/dl, in FPG level as
follow: Group I with FPG<75mg/dl (n=44, mean BMI
29.26%3.06 kg/m?), Group II with FPG 76-86 mg/dl
(n=37, mean BMI 30.48+0.72kg/m?), Group III with
FPG 87-96mg/dl (n=33, mean BMI 30.82+5.64kg/m?),
Group IV with FPG 297mg/dl (n=43, mean BMI
35.08+7.42kg/m?). There was no statistically
significant difference in age and BMI within the
groups.

A correlation like U-Shape curve between FPG
levels and apnea-related parameters was revealed
(Table 2, Figures 2,3). Groups with the lowest FPG <75
mg/dl (n=44) as well as the highest FPG 297 mg/dl
(n=43) were associated with higher AHI (p=0.02) and
sleep time with Sa02<90% (TSa02<90) (p=0.041).
Glucose groups significantly differed by ANOVA
(F=3.394, p=0.02) and by further analysis with
quadratic contrasts (p=0.004) and the correlation
remained significant even after adjustment for age
and BMI.

224 subjects with suspected OSA recruited initially

—
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Figure 1: Study protocol.
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Figure 2: Graphs for correlation between apnea-related parameters and FPG in four sub-groups. Each column represents fasting plasma glucose groups.
Abbreviations: AHI, Apnea Hypopnea Index; SD, standard deviation; TSaO02<90%, sleep time with SaO2< 90%.
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Figure 3: Graphs for correlation of AHI and metabolic factors. Dots are the values of metabolic factors (HDL, LDL, Chol and tgl) of each object. The lines
represent the variability of metabolic factors as the value of AHI increases. There was no statistically significant relationship between LDL (p=0.188), CHOL
(p=0.464), tgl (p=0.252) and AHI. Only HDL was inversely correlated with AHI (p=0.022).
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Finally, HDL was inversely correlated with AHI
(p=0.022). This correlation also remained significant
even after adjustment for age and BMI (p=0.014).
There was no correlation with any other metabolic
factors (figure 3).

Table 1: Sleep and metabolic characteristics of OSA patients.

Parameter Mean = SD Range Std.
Error

Age (years) 46.63+10.45 22-69 21
BMI (kg/m?) 31.4745.8 20.9-59 14
AHI (events/hour) 30.51+5.8 15-106 1.94
Average Sa02 (%) 88.48+6.4 59.5-97 0.51
Minimum SaO2 (%) 85.23+8.6 47.0-96 0.69
TSa02<90 (%) 39.23+£71.5 0.0-492.4 5.78
Fasting Plasma Glucose 86.82+18.8 45.0-126 1.49
(mg/dl)

Total Cholesterol (mg/dl)  214.02+36.44  114.0-372 2.90
HDL-Cholesterol 68.66+40.72 30.0-211 3.25
LDL-cholesterol 114.71+45.54  35.0-237 3.66
Triglycerides 143.38+63.19  49.0-547 5.04

Abbreviations: AHI, Apnea Hypopnea Index; OSA, obstructive sleep apnea;
Sa02, saturation of hemoglobin with oxygen as measured by pulse oximetry;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard
deviation.

Table 2: Metabolic and sleep characteristics of different groups.

Group (n) BMI (kg/m?) AHI (events/hour) TSa02<90 (%)
1 (44) 29.26+3.06 34.6+3.3 32.9+51.9

11 (37) 30.48+0.72 26.9+4.9 24.1+69.12

IIT (33) 30.8245.64 252454 22.8+61.7

IV (43) 35.08+7.42 32.4+2,13 37.9+55.9
Discussion

The present study examined the potential
correlation of sleep characteristics with glucose
metabolism in nondiabetic patients with newly
diagnosed OSAS. According to our results, in
nondiabetic OSAS patients without comorbidities, the
severity of OSAS (evaluated by the number of
respiratory cessation events and the indices of
hypoxemia during sleep) is associated with the lowest
and the highest FPG, in a u-shaped relation,
independently of obesity, as expressed by BML

A growing evidence from epidemiological and
clinic-based studies suggests an independent
relationship between sleep apnea and abnormal
glucose tolerance.[7-9, 18, 19] Insulin resistance, has
been implicated in the pathogenesis of a metabolic
syndrome known as “insulin-resistance syndrome”,
which is generally accepted to comprise
hyperinsulinemia, glucose intolerance, dyslipidemia,

central obesity and hypertension.[20] On the other
hand, low fasting glucose levels have been associated
with cachexia in people with cancer or other
degenerative diseases.[21] In these populations,
individuals have a very low BMI, ectopic fat
accumulation and extreme insulin resistance. Thus,
one could hypothesize that insulin resistance may be
associated with reasons others than body weight
and/or BML

In our population, the lowest and the highest
FPG correlated with the severity of OSAS,
independently of BMI. This finding is consistent with
an expanding evidence base that supports an
independent link between OSAS and insulin
resistance, different from obesity. Clinic-based and
case control studies from North America, Asia and
Europe have suggested that the presence and severity
of OSAS is independently associated with insulin
resistance.[22] An AHI >5 was associated with an
increased risk of glucose intolerance independently of
the effect of obesity, in 150 middle-aged, overweight
or mildly obese men.[8] Among 270 non-diabetic
subjects, attending a Hong Kong sleep clinic,
homeostasis model assessment of insulin resistance
(HOMA-IR) was higher in those with OSAS and
increased with increasing OSAS severity, in both
obese and non-obese subjects.[7] Even in morbidity
obese patients, the severity of sleep disordered
breathing predicted an elevated HOMA-IR in 90
patients recruited from a bariatric clinic[23], while
increasing OSAS severity was associated with
decreased insulin sensitivity in a cohort of 400
non-diabetic Swedish women.[24] In an evaluation of
the relationship of HbAlc levels with indices of OSAS
severity in subjects without diabetes, attending Greek
and French sleep laboratories [13, 25], multivariate
regression analysis showed an association between
increased HbAlc levels and OSAS severity, in men
and most marked in patients with an AHI 250,
respectively. Most recently, a similar analysis of 5,294
non-diabetic participants in the pan-European
ESADA study, showed a dose dependent relationship
between glycemic health and severity of sleep
disordered breathing, with a significantly higher
adjusted HbAlc level in highest AHI quartile than in
the lowest.[26] Furthermore, in lean, young and
otherwise healthy and free of cardiometabolic disease
men, the presence of OSAS was associated with 27%
lower insulin sensitivity accompanied by a 37%
higher total insulin secretion after ingestion of glucose
load compared with control men of similar age, BMI,
ethnicity-based diabetes risk, family history of
diabetes, exercise habits, blood pressure, and fasting
lipids levels.[11]
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Although the association between OSAS and
insulin resistance is well documented, the exact,
underlying, pathophysiological mechanism still not

fully  understood. Dysregulation  of  the
hypothalamic-pituitary-adrenal (HPA) axis,
inflammation and hypersecretion of

adipocyte-derived hormones due to repetitive, short
periods of asphyxia and hypoxemia, intermittent,
nocturnal hypoxia and sleep deprivation have all been
implicated in the association between OSAS and
insulin resistance.

Several studies proved that indices of hypoxemia
had the most robust relationship with impaired
glucose metabolism. Experiments in animal models,
which provide a unique opportunity to study the
effects of specific exposures, have shown that
intermittent hypoxemia can decrease insulin
sensitivity and induce glucose intolerance.[27, 28]
There is only one experimental study in 13 healthy
volunteers that examined the impact of intermittent
hypoxemia on glucose metabolism, while awake.[14]
In this study, short-term episodic hypoxia during
daytime, decreased insulin sensitivity and glucose
effectiveness, without a commensurate increase in
insulin secretion. Intermittent hypoxia was also
associated with a shift in sympathovagal balance
toward an increase in sympathetic nervous system
activity.  According to authors, intermittent
hypoxemia was a central mechanism responsible for
metabolic dysfunction, whereas sympathetic nervous
system was a putative mediator.

Intermittent hypoxia is the hallmark of OSAS. In
terms of metabolism, hypoxic stress in obstructive
sleep apnea has been shown to increase the
predisposition for metabolic dysfunction by
impairing insulin sensitivity, glucose effectiveness,
and insulin secretion.[29] First in 2002, two
independent groups simultaneously published
convergent findings associating hypoxia of sleep
apnea with altered glucose metabolism.[7, 8] The first
study utilized a clinic sample of 270 patients from
Hong Kong and reported that the AHI and minimum
oxygen saturation during sleep were independent
correlates of insulin resistance.[7] The second study
utilized a community sample of 150 healthy men from
the United States and reported that the AHI and the
degree of nocturnal desaturation were associated with
glucose  intolerance and insulin  resistance
independent of obesity.[8] In another study, in 31
nondiabeticc, male OSAS patients, without
comorbidities, hypoxemia during sleep was
associated with increased fasting glucose and HbA1c
levels.[13] Finally, in the large, multicenter Sleep
Heart Health Study [9], in a community sample of

2,656 subjects, AHI and average oxygen saturation
during sleep were associated with elevated fasting
and 2-h glucose levels during an oral glucose
tolerance test.

The exact relationship between OSAS and
dyslipidaemia remains also conflicting, with a recent
study mapping a nonlinear, multistage relationship
between the severity of OSAS and the risk of
dyslipidaemia.[30] In our study, severity of OSAS was
inversely correlated with HDL values, low values of
which are a strong cardiovascular risk factor.

A limitation of our study is the lack of
measurements of insulin levels which were not
necessary at the time the study was designed.

In the present study, we demonstrated that in
nondiabetic OSAS patients, without comorbidities,
the lowest and the highest fasting plasma glucose
levels, within normal and prediabetes levels,
correlated similarly with the higher AHI and the
higher percent of sleep time spent with Sa02<90%,
regardless of obesity as expressed by BMI. The
identification of a non-linear and non-monotonic
pattern between the risk of abnormal glucose
metabolism and the severity of OSAS, allowed us to
unravel the complex nature of the interactions of
multiple risk factors Our findings also, triggered us to
design new studies to clarify the relationship of U
shaped relation between fasting plasma glucose levels
and severity of sleep apnea.
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