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WHAT ARE OBSTRUCTIVE SLEEP APNOEA 
AND TYPE 2 DIABETES MELLITUS?
Obstructive sleep apnoea (OSA) is a sleep-related breathing 
condition that is characterised by episodes of complete or partial 
upper airway obstruction during sleep, leading to repetitive 
oxygen desaturation and sleep fragmentation. The diagnosis of 
OSA is made on polysomnography (also known as a sleep study) 
when the apnoea-hypopnea index (AHI) is ≥ 5/hr, together with 
the presence of symptoms or signs such as witnessed habitual 
snoring, nocturnal gasping or choking events, excessive daytime 
sleepiness, unrefreshing sleep, hypertension, congestive heart 
failure or AHI ≥ 15/hr without symptoms.(1) Severe OSA is defined 
as having AHI > 30/hr.

Type 2 diabetes mellitus (DM) is a common chronic disorder 
of glucose metabolism that mostly affects adults, although a 
younger age of onset can occur as well. Classical symptoms 
include polydipsia, polyuria, weight loss, fatigue and recurrent 
infections. The diagnosis of DM can be made through blood 
investigations, such as a fasting glucose level ≥ 7.0 mmol/L, a 
random glucose level of 11.1 mmol/L associated with typical 
symptoms of DM, or an oral glucose tolerance test.(2)

WHAT IS THE RELATIONSHIP BETWEEN 
OSA AND TYPE 2 DM?
Epidemiological evidence has demonstrated a high prevalence 
of OSA in patients with Type 2 DM. In a cross-sectional study, 
up to 23% of a diabetic population were found to have OSA.(3) 
In another study by Einhorn et al, 48% of diabetic patients had 
OSA with AHI ≥ 10/hr.(4) Conversely, studies have also indicated 
a high prevalence of DM or insulin resistance in OSA patients. In 
a large clinic-based cross-sectional study, 30.1% of OSA patients 

had Type 2 DM, while 20% had impaired glucose tolerance.(5) 
Additionally, a recent meta-analysis of prospective studies has 
found that moderate-to-severe OSA was associated with an 
increased incidence of Type 2 DM.(6)

Research has also suggested that OSA worsens DM control 
and may contribute to DM-related complications. In a study by 
Aronsohn et al, a higher severity of OSA was associated with 
poorer glycaemic control in DM patients, as measured by their 
glycated haemoglobin (HbA1c) levels; this result was independent 
of confounders such as body mass index, race, age, gender and 
number of years with DM.(7) A recent meta-analysis suggested that 
the presence of OSA may be associated with a greater severity 
of DM retinopathy, but the overall data remained mixed.(8) 
Conversely, data on the impact of DM on OSA severity is lacking.

The existence of a link between OSA and Type 2 DM would 
be unsurprising. These conditions share common risk factors such 
as obesity and age, which are also risk factors for cardiovascular 
disease. Obesity, in particular, is a prominent common risk 
factor. A 10% increase in weight has been shown to cause a 
six-fold increase in the risk of developing OSA.(9) In an early 
epidemiological study by Ford et al of more than 8,000 adults 
in the United States, a weight gain of 5 kg or more significantly 
increased the risk of developing DM.(10) OSA patients are also 
at increased risk of heart failure,(11) coronary artery disease,(12) 
arrhythmias(13) and sudden death,(14) while the macrovascular 
complications of DM, including ischaemic heart disease, are 
well known.

Possible mechanisms behind the link
The pathophysiological links between OSA and DM have yet 
to be fully elucidated. Studies have suggested that an important 
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Mr Lim visited your clinic with his wife for his regular review for Type 2 diabetes mellitus and 
poorly controlled hypertension. He was taking four types of antihypertensive medications 
and his latest blood pressure reading was 160/90 mmHg. Mrs Lim casually asked if anything 
could be done about her husband's loud snoring with periodic loud coughing and choking 
noises, which was disturbing her sleep. Mr Lim reported that he was having headaches in the 
early morning and felt unrefreshed when waking up, although he slept for eight hours every 
night. He also said that he was gaining weight, but was unable to find the energy to exercise.
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mechanism is intermittent hypoxia, which occurs in OSA. 
Intermittent hypoxia enhances sympathetic activity and drives 
oxidative stress and chronic inflammation; these likely contribute 
to derangements in glucose metabolism. The injurious effect of 
hypoxia may also directly affect pancreatic beta cell, liver and 
adipose tissue function, all of which are involved in glucose 
homeostasis. The sleep fragmentation and sleep deprivation 
associated with OSA may have an additive, adverse impact 
on insulin sensitivity, due to the mechanism of sympathetic 
activation, as well as alterations in growth hormone and cortisol 
secretion.(15)

HOW RELEVANT IS THIS TO MY PRACTICE?
High prevalence
OSA and DM are common and worsening global health 
problems. The prevalence of OSA was shown to have increased 
from 14% to 55% over the past two decades, according to a 
large community cohort study based in the United States.(16) 
Recent data from the Singapore Health Study estimated that 
18.1% of Singapore’s population have sleep apnoea associated 
with significant daytime sleepiness.(17) The estimated prevalence 
of moderate-to-severe sleep apnoea (AHI ≥ 15/hr) was also at 
a high of 30.5%.(17) The local prevalence of DM was already 
12.3% in 2013.(18) As obesity is a risk factor for both OSA and 
DM, the prevalence of both conditions appears set to rise 
further in the face of the worsening obesity epidemic.(19) By 
2040, 642 million of the world’s population are projected to 
be living with DM.(20)

Association with multiple significant comorbidities
Apart from the cardiovascular conditions mentioned above, 
OSA is strongly associated with hypertension and has been 
identified in one study to be the most common secondary cause 
of drug-resistant hypertension.(21) OSA has also been associated 
with hypertensive patients who are ‘non-dippers’ at night.(22) 
Other comorbidities that have been linked to OSA include 
stroke, depression, cognitive impairment, decreased quality of 
life, and psychological and social function.(23) DM is a chronic 
debilitating medical disease with multiple complications. These 
include macrovascular complications of stroke, ischaemic 
heart disease, peripheral vascular disease, and microvascular 
complications of neuropathy, nephropathy and retinopathy. DM 
has also been associated with depression and decreased work 
productivity. Consequently, it is a disease that poses a significant 
socioeconomic burden.(24)

WHAT IS THE STANDARD TREATMENT 
FOR OSA?
Continuous positive airway pressure
Continuous positive airway pressure (CPAP) is the standard 
treatment for OSA. CPAP treatment applies a positive pressure 
to the airway with the aim of splinting open the collapsible 
airway, thereby obliterating the repetitive airway obstruction 
and oxygen desaturation that occur in OSA.(25) The treatment 
uses a CPAP machine, which contains a motor that generates a 

positive pressure, and a nasal or oronasal mask that is strapped 
to the patient’s face, as well as tubing that connects the machine 
and mask. Patient acceptance of CPAP treatment and adherence 
to it remain a challenge. Reasons cited include treatment 
inconvenience and side effects such as mask discomfort, pressure 
intolerance and dryness of the upper airways. However, these 
side effects are often minor and can be adequately addressed at 
follow-up.

Indications for CPAP treatment in DM patients are the same 
as those in general OSA patients. CPAP treatment should be 
offered to all patients with symptomatic OSA or moderate-to-
severe OSA (AHI ≥ 15/hr) without symptoms.(26) Evidence is 
lacking for treatment benefits in patients with mild OSA who 
are asymptomatic. The most significant benefit of CPAP for 
OSA treatment is improvement of daytime sleepiness, daytime 
function and quality of life.(27) A previous meta-analysis showed 
that CPAP only decreased 24-hour mean blood pressure 
(BP) by approximately 2  mmHg.(28) However, a recent study 
reported that the magnitude of BP reduction was demonstrated 
to be greater in a subgroup of OSA patients with drug-resistant 
hypertension.(29) Nevertheless, the BP reduction through CPAP 
is inferior to that produced by antihypertensive medication, and 
optimal antihypertensive pharmacotherapy remains paramount. 
Several studies have also suggested that CPAP can mitigate the 
adverse cardiovascular risks and mortality outcomes associated 
with OSA.(29,30)

Weight management
Weight management plays an important role in the holistic 
management of the obese OSA patient. This can be achieved 
through dietary and lifestyle modifications, or bariatric surgery 
in a highly selected patient group.

Does CPAP improve DM?
While there is great interest in the question of whether CPAP 
treatment improves DM, the data has, unfortunately, been mixed. 
Two recent meta-analyses, which included non-randomised 
trials as well as trials with non-diabetic and diabetic OSA 
patients, demonstrated that CPAP treatment improved insulin 
sensitivity.(31,32) However, in the only randomised controlled trial 
by West et al, which specifically evaluated the impact of CPAP 
treatment on glycaemic control in known Type 2 diabetic patients 
with newly diagnosed OSA, three months of CPAP intervention 
did not reveal any significant benefit for insulin resistance or 
HbA1c.(33)

It is possible that longer durations of CPAP usage per night 
may be required to achieve improvements in glycaemic control. 
One limitation of West et al’s study was that average CPAP usage 
in the treatment arm was less than four hours.(33) A recent study by 
Grimaldi et al found that poor glycaemic control was associated 
with the frequency of obstructive respiratory events during rapid 
eye movement (REM) sleep, but not non-REM sleep.(34) As REM 
sleep predominates in the latter part of the sleep period, the 
majority of the REM sleep period would have been left untreated 
in patients who only had four hours of CPAP.
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In summary, there is strong epidemiological and 
pathophysiological evidence supporting the association between 
OSA and DM. The mechanism by which OSA impacts glucose 
homeostasis has yet to be fully elucidated, but multiple pathways 
are likely to play a role. It is hoped that further research would 
be able to identify more specific pathophysiological pathways 
between the two diseases that may guide us in both the timing and 
nature of interventions to improve patient outcomes. Ultimately, 
it should be emphasised that diabetic medications are still the 
mainstay of treatment to achieve optimal glycaemic control, 
together with lifestyle modification and weight loss.

WHO SHOULD BE REFERRED FOR SLEEP 
STUDIES?
Currently, there is still a lack of evidence to support the benefits 
of screening every diabetic patient for OSA. Diabetic patients 
with symptoms suggestive of OSA (e.g. snoring with unrefreshed 
sleep and significant daytime sleepiness) should be referred to a 
sleep specialist for further evaluation.(35) Validated questionnaires, 
such as the Berlin questionnaire and STOP-Bang questionnaire, 
may be used to aid in patient evaluation, although they have 
their limitations.(36)

TAKE HOME MESSAGES
1.	 OSA and Type  2 DM are highly prevalent and share 

common risk factors, with obesity being the most prominent. 
Complications related to OSA, Type 2 DM and obesity often 
overlap.

2.	 Intermittent hypoxia and sleep fragmentation in OSA may 
affect glucose metabolism and insulin sensitivity.

3.	 There is currently a lack of evidence to support the benefits 
of screening every DM patient for OSA.

4.	 DM patients with symptoms suggestive of OSA may be 
referred to a sleep specialist for further evaluation.

5.	 CPAP remains the standard treatment for OSA and should 
be offered to all symptomatic patients.

6.	 Limited evidence suggests that CPAP treatment may improve 
glycaemic control.

7.	 Diabetic medications, together with lifestyle modifications 
and weight loss, remain the mainstay of treatment to achieve 
optimal DM control.

8.	 Further research is necessary to clarify the pathophysiological 
mechanisms and develop treatment strategies for patients 
with both DM and OSA.
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You referred Mr Lim to a sleep specialist and a sleep 
study was performed. It confirmed your suspicion 
of OSA. Ever since Mr Lim had started using a CPAP 
device at night, he felt more refreshed after waking 
up. He was able to go on daily brisk walks, and his 
weight and blood pressure gradually improved after 
subsequent visits to your clinic. He also said that his 
wife was sleeping better.
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ABSTRACT Obstructive sleep apnoea (OSA), a sleep-
related breathing condition, is diagnosed based on a 
patient’s apnoea-hypopnea index from a sleep study, 
and the presence or absence of symptoms. Diabetes 
mellitus (DM) and OSA share a significant common risk 
factor, obesity, with all three conditions contributing 
to the risk of developing cardiovascular diseases. The 
pathophysiological links between OSA and DM are still 
unclear, but intermittent hypoxia may be an important 
mechanism. More awareness of the possible link 
between OSA and DM is needed, given their increasing 
prevalence locally and worldwide. Continuous positive 
airway pressure is the standard treatment for OSA, while 
weight loss through dietary and lifestyle modifications 
is important to holistically manage patients with either 
condition. There is currently insufficient evidence to 
support the benefits of screening every diabetic patient 
for OSA. However, diabetic patients with symptoms 
suggestive of OSA should be referred to a sleep specialist 
for further evaluation.
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1.	 Obstructive sleep apnoea (OSA) is a sleep-related breathing condition characterised by episodes of 
complete or partial upper airway obstruction during sleep, leading to repetitive oxygen desaturation 
and sleep fragmentation.

2.	 The presence of symptoms or signs such as witnessed habitual snoring, excessive daytime sleepiness, 
unrefreshing sleep and hypertension is absolutely necessary to make a diagnosis of OSA.

3.	 An apnoea-hypopnea index of ≥ 5/hr without symptoms from a sleep study can be used to diagnose 
OSA.

4.	 As much as 30.1% of OSA patients had Type 2 diabetes mellitus (DM), while up to 20% had impaired 
glucose tolerance in an epidemiological study.

5.	 A meta-analysis of prospective studies found that mild-to-moderate OSA was associated with an 
increased incidence of Type 2 DM.

6.	 OSA may worsen DM control and contribute to DM-related complications.
7.	 Hypertension is a prominent common risk factor for DM and OSA.
8.	 Side effects of continuous positive airway pressure (CPAP) treatment are usually minor and can be 

adequately addressed.
9.	 Intermittent hypoxia has been suggested to be a pathophysiological link between OSA and DM.
10.	 OSA prevalence was shown to have increased from 14% to 55% over the past two decades in a United 

States community study.
11.	 The local prevalence of DM was found to be 12.3% in 2013.
12.	 OSA is associated with hypertension, stroke, depression and cognitive impairment.
13.	 OSA has been identified to be the most common cause of primary drug-resistant hypertension in one 

study.
14.	 CPAP is the standard treatment for OSA.
15.	 CPAP treatment should be offered to all patients with OSA.
16.	 Blood pressure reduction through CPAP treatment is comparable to that produced by pharmacotherapy.
17.	 Weight management through dietary and lifestyle modifications plays an important role in the holistic 

management of the obese OSA patient.
18.	 Poor glycaemic control was found to be associated with the frequency of obstructive respiratory events 

during rapid eye movement sleep.
19.	 There is strong evidence that CPAP treatment improves glycaemic control in Type 2 DM.
20.	 Evidence suggests that screening all diabetic patients for OSA using validated questionnaires is 

beneficial.
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