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Epidemiological and pathophysiological evidence
supporting links between obstructive sleep apnoea and

Type 2 diabetes mellitus
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ABSTRACT Obstructive sleep apnoea (OSA) and Type 2 diabetes mellitus (T2DM) are common diseases. The global
prevalence of OSA is between 2% and 7% in general population cohorts. The worldwide prevalence of T2DM among
adults (aged 20-79 years) was estimated to be 6.4%. The concurrent presence of OSA and T2DM can be expected in
the same patient, given their high prevalence and similar predisposition. We reviewed the overlapping pathophysiology

of OSA and T2DM in this article.
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INTRODUCTION

Obstructive sleep apnoea (OSA) and Type 2 diabetes mellitus
(T2DM) are common diseases with a global prevalence of
between 2% and 7% for OSA in general population cohorts,"
and an estimated worldwide prevalence of 6.4% for T2DM
among adults (aged 20-79 years).?’ Given the high prevalence,
similar predisposition and overlapping pathophysiology of OSA
and T2DM, they can be expected to occur concurrently in the
same patient.

PREVALENCE OF OSA AND T2DM
Numerous studies have reported a high prevalence of OSA
in subjects with T2DM. The Sleep AHEAD study found that
86% of its obese patients with T2DM had OSA; 30.5% of
the participants had moderate OSA and 22.6% had severe
OSA.® However, this relationship was likely confounded
by obesity. Screening for OSA using a single-channel nasal
cannula, Einhorn et al found a high prevalence (48%) of
sleep-disordered breathing (SDB) in 279 patients with T2DM
(apnoea-hypopnoea index [AHI] > 10).” Zhang et al found
that 60% of 880 hospitalised patients with T2DM had SDB,
based on a two-channel portable sleep monitoring device.®
Questionnaire-based screening of T2DM patients found that
up to 50% of them were at risk for OSA.©

A retrospective, population-based study of 16,066 patients
with T2DM in the primary care setting revealed that 18%
of the study population had OSA, diagnosed based on
polysomnography. Among obese patients, the prevalence of OSA
was said to be 23%.7 Although these rates are lower than in non-
polysomnography-based studies, they are still significantly higher
than those in the general population, highlighting the possible
effect of T2DM on OSA. In one of the largest cohort studies with
more than ten years of follow-up, the incident rate of T2DM was

30% higher in subjects with severe OSA (AHI > 30) than in those
with AHI < 5.®

Studies in Asian OSA populations reported a similar prevalence
of T2DM to those in Europe and the United States. The prevalence
of diabetes mellitus (DM) in a Japanese OSA cohort® was reported
to be 25.9%, four times higher than that of the control group, and
the prevalence in a Chinese cohort was 16.3%.% Further studies
in Chinese examining insulin sensitivity (homeostatic model
assessment of insulin resistance, or HOMA-IR) and pancreatic beta-
cell function (homeostatic model assessment of beta-cell function,
or HOMA-beta) found that fasting insulin level and HOMA-IR
increase by about 0.5% with every unit increase in AHL""'2 In
South Korea, habitual snoring was found to be associated with
higher odds of elevated glycated haemoglobin levels (HbATc) in
a non-obese and normoglycaemic population sample."

ASSOCIATIONS BETWEEN OSA AND T2DM
Establishing causality and reciprocity in these illnesses is difficult,
as major studies examining the link between these two illnesses
have varying research methodologies and outcome measures.
While polysomnography is the gold standard for diagnosing
OSA, there are multiple criteria for diagnosing T2DM and
pre-DM. These include fasting plasma glucose level > 7.0
mmol/L, two-hour plasma glucose level > 11.1 mmol/L on an
oral glucose tolerance test, HbA1c > 6.5%, or random plasma
glucose level = 11.1 mmol/L in symptomatic patients." To add
to the confusion, prediabetic states of impaired fasting glucose
and impaired glucose tolerance should also be considered."
Other than these conventional measures of glucose metabolism,
some studies utilised the hyperinsulinaemic-euglycaemic clamp
(the gold standard for assessing insulin sensitivity); HOMA-IR
for measuring insulin resistance and HOMA-beta for insulin
secretion; the frequently sampled intravenous glucose tolerance
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test; and the short insulin tolerance test for insulin sensitivity."®
The plethora of outcome measures has challenged the grounds
for making consistent comparisons across studies. Nevertheless,
multiple studies have suggested a relationship between OSA and
DM, which is most likely bidirectional.

In the Sleep Heart Health Study, SDB was independently
associated with fasting glucose intolerance. Subjects with abnormal
respiratory disturbance index (= 5/hour) had an increased risk of
glucose intolerance and insulin resistance, as measured by the
HOMA index and the oral glucose tolerance test."® Reichmuth
et al sought to examine the prevalence and incidence of T2DM
in subjects with SDB in the Wisconsin Sleep Cohort. A diagnosis
of T2DM was established through physicians’ reports or fasting
plasma glucose levels. They reported that 14.7% of subjects with
AHI = 15 were diagnosed to be diabetic, compared with 2.8% of
subjects with AHI < 5. When compared to subjects with AHI <5,
those with AHI > 15 were 1.6 times more likely to develop T2DM
within four years of initial testing.!” A cross-sectional analysis
of 6,616 participants in the European Sleep Apnea Cohort study
confirmed the increased prevalence of T2DM among patients
with OSA: the prevalence of T2DM was 6.6% in subjects without
OSA, in contrast to 28.9% in those with severe OSA. Through
measurements of HbATc, the study also showed that glycaemic
control worsened with more severe OSA."®

PATHOPHYSIOLOGY
The pathophysiology of OSA is characterised by recurrent
upper airway collapse that triggers hypopnoea and apnoea,
resulting in impaired blood gas exchanges, fragmented sleep
and systemic inflammation."®2% Intermittent hypoxaemia (IH)
and sleep fragmentation (SF) are two important corroborators
in the pathogenesis of T2DM. Sympathetic system activation,
hypothalamic-pituitary-adrenal (HPA) axis alterations, adipokines
disturbances, systemic inflammation and oxidative stress are
intermediary pathways leading to the development of T2DM.
IH plays a pivotal role in the pathogenesis of T2DM in
OSA subjects. In rodent models, acute exposure to IH led to a
decrease in whole-body insulin sensitivity, as determined by the
hyperinsulinaemic-euglycaemic clamp and decreased glucose
utilisation resulting from reduced insulin sensitivity in the oxidative,
insulin-sensitive soleus muscle.?" Increased oxidative stress from
tissue lipid peroxidation and increased cortisone levels were also
demonstrated using IH in mice.?>*» Changes in glucose metabolism
following withdrawal of one week of IH appeared irreversible®?
and may be a reason for the absence of an overwhelming treatment
effect of continuous positive airway pressure (CPAP).?¥ When the
frequently sampled intravenous glucose tolerance test was utilised
to assess glucose metabolism in healthy volunteers, it was found
that IH impaired insulin sensitivity, glucose effectiveness and
insulin secretion independent of HPA activation.?* In the Japanese
Circulatory Risk in Communities Study, nocturnal IH (as measured
by 3% oxygen desaturation index) was shown to be independently
associated with the risk of T2DM.?® In addition, this effect of IH
was not exacerbated by daytime sleepiness or sleep duration in
the French SYNAPSE cohort.®”
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Recurrent nocturnal hypoxaemia and frequent arousals from
SF may cause the HPA axis to lose the ability to respond to chronic
recurring stress. Nocturnal hypercortisolism accompanied by
low morning cortisol level was found in severe OSA subjects,
who had higher insulin resistance when compared to controls.®

Systemic inflammation, surrogated by high-sensitivity
C-reactive protein, fibrinogen, uric acid, and oxidative stress by
the expression of inflammatory cytokines, were found to be high
in studies of subjects with OSA.?%39 Vgontzas et al postulated
that the proliferation of tumour necrosis factor-alpha in the
pro-inflammatory state of OSA suppresses the synthesis of the
antidiabetic hormone, adiponectin, resulting in a predisposition
to develop T2DM.B"Y Adipocytes play a significant role in the
regulation of glucose metabolism through the adipokines: resistin,
adiponectin and leptin.®? IH, through hypoxic adipocytes, results
in the dysregulation of the expressions of these adipokines, leading
to insulin resistance and impaired glucose tolerance.®? Resistin
levels have been shown to correlate with insulin resistance in
both lean and obese subjects.®® Pro-inflammatory resistin and
interleukin-6 (IL-6) were found to be higher in untreated OSA
subjects. In addition, resistin was found to have an independent
linear relationship with average blood oxygen saturation and
IL-6 levels.®® CPAP was found to be effective in decreasing the
levels of resistin and IL-6.

SF is a consequence of recurrent arousals from sleep in
OSA. Instrumental SF was seen to aggravate glucose intolerance
in mice.®® Although the relationship between SF and glucose
intolerance may be secondary to sustained hypothalamo-
pituitary axis activation and cortisol secretion, SF may play a
synergistic role. Additionally, SF is analogous to involuntary
sleep deprivation, and sleep deprivation has been associated
with insulin resistance and T2DM. In a Taiwanese population
cohort, short sleepers (< 6.0 hours) had a higher risk of newly
diagnosed DM even after adjusting for potential confounding
factors, including lifestyle, obesity and family history.®” Data
on self-reported sleep duration in the First National Health and
Nutrition Examination Survey revealed that sleep duration < 5
hours was associated with higher odds ratio of incident DM.®®
Rapid eye movement (REM) sleep deprivation was demonstrated,
in rodents, to affect glucose metabolism through effects on
hexokinase and glucose 6-phosphatase.®®” REM AHI, in contrast to
non-REM AHI, was also independently associated with increasing
HbATc in OSA patients. Extending CPAP usage time from four to
seven hours was estimated to cover more than 85% of REM sleep
and reduced HbATc by up to 1%.“? On the contrary, a study in
nine human subjects showed that slow-wave sleep suppression
and not REM deprivation led to reduced insulin sensitivity and
glucose tolerance.“?

Much of the aforementioned evidence indicates that OSA
is culpable for the outcome of T2DM. Little evidence exists to
support the converse,”*? especially if the potent confounder of
obesity is removed.®*#** However, it has also been postulated
that autonomic neuropathy in T2DM results in dysfunction of
the mechanoreceptor reflex controlling the upper airway dilator,
hence predisposing the patient to develop OSA.“> This was
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demonstrated in non-obese subjects.

There is contradictory data on the beneficial effects of CPAP

on glucose metabolism, which is possibly accounted for by

suboptimal compliance and insufficient treatment duration.

A systematic review of randomised controlled trials of CPAP

compared with sham CPAP failed to demonstrate significant
beneficial treatment effects on glucose metabolism.“® However,
recent data showed that CPAP in highly compliant obese
individuals without DM improved glucose metabolism and may

ameliorate their risk for the development of overt DM.#7:49)

CONCLUSION

There is strong evidence that OSA, through IH and SF, is
associated with a predisposition to develop T2DM. However, the
benefits of CPAP for OSA treatment to prevent T2DM or improve
disease control remain doubtful.
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