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1. Introduction

Sleep-disordered breathing (SDB) is commonly found in

patients with type 2 diabetes [1]. Recent research demon-

strates the likelihood of a relationship between the two

conditions independent of obesity [2]. Irrespective of the

independence of relationship, the observed association of SDB

with type 2 diabetes has important clinical, epidemiological
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and public health implications. SDB is increasingly considered

as a potential therapeutic target for either primary or secon-

dary prevention of cardiovascular disease (CVD). This is

particularly relevant in the context of coexisting type 2

diabetes, when patients are already at significant risk of CVD.

While the enormity of the type 2 diabetes epidemic is well

recognised, disorders of breathing during sleep are not, in

spite of the significant contribution theymake to the burden of

disease in individuals and the financial burden on commu-

nities.

Therefore, the need exists for a global, multidisciplinary

approach to raise awareness, improve clinical practice and

coordinate research efforts to better understand the links

between SDB and type 2 diabetes. The International Diabetes

Federation (IDF) Taskforce on Epidemiology and Prevention

convened a Working Group in February 2007 to review the

subject, resulting in this discussion paper in recognition of the

imperative to take action.

2. Obstructive sleep apnoea

2.1. Definition

The term SDB encompasses a range of breathing abnormal-

ities that occur during sleep. These include obstructive sleep

apnoea (OSA), central sleep apnoea and periodic breathing.

This report deals only with OSA, the most common form of

SDB. The clinical syndrome of sleep apnoea is defined as the

presence of abnormal breathing in sleep along with daytime

symptoms, particularly excessive daytime sleepiness [3]. OSA

is characterized by repeated episodes of upper airway

collapse, leading to apnoeas (cessation of airflow �10 s) or

hypopnoeas (decrease in airflow �10 s associated with either

an oxyhaemoglobin desaturation or an arousal detected by

electroencephalography) [4].

2.2. Clinical features

The clinical picture (Table 1) encompasses three characteristic

features, which result directly from obstructed breathing

during sleep. There is also a range of other symptoms, and a

number of associated clinical disorders that are seen more

commonly in those with OSA than would be expected by

chance.

2.3. Diagnosis

1. Signs and symptoms: Assessment of the presence of the

characteristic features (Table 1) can be augmented by the

use of questionnaires (e.g. Epworth Sleepiness Scale [5],

Berlin Questionnaire [6] and clinical examination includ-

ing neck circumference and examination of the upper

airway (looking for tonsillar enlargement, micrognathia

and oropharyngeal crowding).

2. Investigations: The gold standard diagnostic study is poly-

somnography (PSG)—an inpatient study that measures

physiological signals of sleep, respiratory effort, oro-nasal

airflow and oxyhaemoglobin desaturation. However, other

simpler methods are also available. These include over-

night oximetry in conjunction with measurement of either

respiratory effort or respiratory flow, which can be carried

out at home [7]. Irrespective of the method used, the

number of apnoeas and hypopnoeas during sleep is used as

a metric for defining OSA. Commonly used indices of OSA

include the apnoea–hypopnoea index (AHI) (defined as the

mean number of apnoea and hypopnoea episodes per hour

of sleep) and the oxygendesaturation index (ODI) (themean

number of oxygen desaturations (3–4% or more below the

baseline level per hour of sleep). For each of these scores,

the following categories apply [8,9]:

� <5 normal;

� 5–15 mild;

� 15–30 moderate;

� �30 severe.

2.4. Epidemiology

There have been many studies of the overall prevalence of

OSA in adult populations,with some variability of results, with

the variability largely due to differences in disease definition

and measurement parameters [3].

OSA based on overnight polysomnography has been noted

in up to 9% of women and 24% of men [10]. In studies in which

the diagnosis required the presence of symptoms and signs in

addition to PSG findings (and so excluding those with

asymptomatic OSA), lower prevalences have been reported:

1–5% in men and 1–3% in women [3,10].

Cross-sectional surveys show that obesity (particularly

central obesity) is the strongest risk factor for OSA; male

gender, age and ethnicity also contribute [11]. Some studies

have suggested that Hispanic and African-American popula-

tions may be at greater risk than Europids [12–14]. Other

studies have shown no increase in African-Americans,

although the increased risk may still be present in the under

25s [15], and disease severity may be worse in the African-

American elderly [12]. Studies of Chinese [16,17] Indian [18,19]

and Korean groups [20] show similar a prevalence of OSA as in

Table 1 – Clinical features of SDB

Characteristic features

A history of habitual snoring

A record of witnessed apnoeas

Excessive daytime sleepiness

Associated symptoms

Fatigue/loss of energy

Irritability

Poor memory

Depression

Personality change

Morning headaches

Sexual dysfunction

Nocturia

Clinical associations

Hypertension

Metabolic syndrome

Type 2 diabetes

Cardiovascular disease

Obesity
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Europeans despite obesity rates being lower; possibly due to

differences in craniofacial features.

2.5. Treatment

Different treatment options exist for OSA according to the

degree of disease severity.

1. Lifestyle modification: Weight loss should be recommended

for obese and overweight patients regardless of other

therapeutic interventions. Alcohol and sedativemedication

have been suggested by some, but not all, studies to worsen

the tendency of the upper airway to collapse, and hence

avoidance of these may be beneficial.

2. Continuous positive airways pressure (CPAP): This is a widely

used treatment, and is particularly beneficial in moderate–

severe OSA. Amask is worn over the nose each night during

sleep, delivering continuous positive pressure to maintain

patency of the airway. The pressure delivered is titrated to

individual requirements.

3. Oral appliances: These devicesmay be beneficial, particularly

in mild OSA [9]. A plastic mouthpiece is custom-fitted to

increase upper airway dimensions and decrease the

propensity for airway collapse during sleep.

4. Surgery: In cases with remedial upper airway obstruction,

surgical interventions may be helpful. These include

removal of enlarged tonsils and adenoids or nasal polyps

and certain orthodontic and maxillofacial procedures.

2.6. Economics

Estimates of the medical costs of untreated OSA in the United

States are US$ 3.4 billion/year [21]. Over 80% of patients with

moderate to severeOSA go undiagnosed [22], and contribute to

significant usage of medical services. Patients with OSA may

access up to twice as many healthcare resources as healthy

subjects, prior to correct evaluation of their condition, and

subsequent diagnosis and treatment of OSA leads to a

reduction in healthcare utilisation [23].

The total economic impact of OSA is far greater than given

by the direct medical costs, as there are substantial indirect

financial costs related to sleepiness-associated accident risk

and productivity losses and non-financial costs related to

disability [24].

3. Links between OSA and disorders of
glucose metabolism

There has long been a recognized association between type 2

diabetes and OSA, and there is emerging evidence that this

relationship is likely to be at least partially independent of

adiposity [25,1,2].

Cross-sectional estimates from clinic populations and

population studies suggest that up to 40% of patients with

OSA will have diabetes [26,27], but the incidence of new

diabetes in patients with OSA is not known. Likewise, in

patients who are known to have diabetes, the prevalence of

OSAmay be up to 23% [1], and the prevalence of some form of

SDB may be as high as 58% [28].

3.1. Effects of OSA on the development of type 2 diabetes

Early studies indicated a possible causal association

between the presence of OSA and development of type 2

diabetes. However, many of the studies showed signifi-

cant limitations including small sample size, highly select

populations, inadequate adjustment for confounders and

use of surrogate measures such as snoring to assess

OSA. The observational studies to date can be divided into

those using self-reported surrogate parameters for the

presence of OSA, and those using objective measurement

with PSG.

1. Self-report sleep parameters and type 2 diabetes: Two large

studies [29,30] found snoring to be a risk factor for the

development of diabetes over 10 years independent of

confounding factors. Other subjective measures shown to

be linked to incident type 2 diabetes have included

reported difficulty falling asleep, the need for sedatives to

fall asleep, and difficulty maintaining sleep [31–33]. These

relationships between self-report sleep parameters and

risk of diabetes may be less pronounced in women than

in men [33]. A number of studies also indicate a link

between both short and long duration of sleep and the

subsequent development of diabetes [34].

2. Polysomnography-defined OSA and type 2 diabetes: A study of

French men referred for assessment of sleep showed

those with OSA (AHI > 10) were significantly more likely

to have impaired glucose tolerance (IGT) and diabetes

than were those without OSA [26]. The Sleep Heart Health

Study [2] showed a significant association between

oxygen desaturation during sleep and elevated fasting

and 2-h plasma glucose concentrations during an oral

glucose tolerance test (OGTT). The severity of the OSA

was also associated with the degree of insulin resistance

after adjustment for obesity. The Wisconsin Sleep Study

(n = 1387) showed a significant cross-sectional association

between OSA and type 2 diabetes for all degrees of OSA,

which was preserved for those with moderate–severe

OSA after adjustment for obesity (OR = 2.3) [35]. The

longitudinal data from the same study, however, showed

that after adjusting for obesity, OSA at baseline was not a

significant predictor of the development of diabetes over

4 years.

Further longitudinal studies are required before defini-

tive conclusions can be reached about causality (see

Section 8).

3.2. Effects of OSA on glycaemic control in people with

existing type 2 diabetes

Among those with diabetes, sleep duration and quality have

been shown to be significant predictors of HbA1c [36]. Some

studies of the effect of CPAP treatment for OSA on carbohy-

drate metabolism have shown improvements in insulin

sensitivity [37], glycaemic control [38] and HbA1c [38,39].

However, several recent controlled trials have not shown

benefit in patients with metabolic syndrome or diabetes [40–

42] (see Section 5.2.1).
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3.3. Effects of OSA on components of the metabolic

syndrome

Features of the metabolic syndrome are more prevalent in

patients with OSA, independent of obesity and a correlation

has been suggested between the presence of the metabolic

syndrome and increased OSA severity [25,43]. Conversely,

subjects with the metabolic syndrome have also been shown

to have an increased risk of having OSA (OR = 2.62 (1.37–4.50))

[44].

3.4. Pathophysiology—OSA and impaired glucose

metabolism

There are a number of proposed causal pathways linking OSA

with type 2 diabetes (see Fig. 1).

There is evidence that the physiologic stress imposed by

intermittent hypoxia [45–47] and/or sleep fragmentation [48,49]

may be involved in the pathogenesis of insulin resistance via

one ormore of the following biologicalmechanisms (see Fig. 1):

1. Sympathetic nervous system activation.

The sympathetic nervous system plays a central role in

the regulation of glucose and fat metabolism [50]. OSA has

been shown to increase sympathetic activity not only

during sleep, but also when subjects are awake [51,52].

Sympathetic activation is thought to be predominantly a

result of nocturnal hypoxia [53,54]. However, the repeated

arousal from sleep that follows each obstructive breathing

event is likely to exacerbate this effect [55,56].

2. Direct effects of hypoxia.

The temporal alliance between oxyhaemoglobin desa-

turation and arousal from sleep in OSA poses the challenge

of segregating their independent pathophysiologic effects.

Recent work in normal human subjects, however, has

shown that sleep disruption [57] and intermittent hypoxia

[58] can each decrease insulin sensitivity and worsen

glucose tolerance [57–59]. Furthermore, animal data show

that intermittent hypoxia during waking hours (i.e. not

accompanied by arousals or other sleep disturbances) leads

to a reduction in insulin sensitivity [59].

3. Hypothalamic–pituitary–adrenal (HPA) dysfunction.

Hypoxia and sleep fragmentationmay lead to activation

of the HPA axis and excessive and/or an abnormal pattern

of elevation of cortisol levels [60,61], with the potential for

negative consequences on insulin sensitivity and insulin

secretion.

4. Systemic inflammation.

OSA patients have been shown to have higher levels of

inflammatorymarkers [62–64] as well as showing increased

monocyte and lymphocyte activation with evidence that

these changes are independent of adiposity [65]. These

effects are thought to be largely due to the effects of

intermittent hypoxia, but sympathetic activation probably

also plays a role.

5. Adipokines.

Leptin levels have been shown to be higher [66] and

adiponectin levels to be lower in patients with OSA.

However, the data are inconsistent as to whether this is

independent of obesity [67] and whether the levels improve

with treatment of OSA,making it uncertain as towhether or

not they are involved in causal pathways.

6. Sleep architecture.

A recent study [68] examined selective suppression of

slow-wave sleep (a phase of sleep thought to be the most

‘restorative’ stage) in healthy young adults, without

affecting sleep duration or causing hypoxia. The interven-

tion markedly reduced insulin sensitivity and led to an

impairment of glucose tolerance.

The fatigue and somnolence resulting from OSA may

reduce physical activity, and so lead to an increased risk of

diabetes, thus providing another potential mechanistic link by

which OSA may lead to diabetes.

It is also worthy of note that the autonomic dysfunction

resulting from diabetes may increase the risk of OSA. The

Fig. 1 – Potential mechanisms linking sleep apnoea to glucose intolerance.
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Sleep Heart Health Study has shown that periodic breathing (a

central abnormality of breathing during sleep), but not OSA, is

more common in those with than without diabetes [28]. In a

much smaller study [69], diabetic autonomic neuropathy was

associated with increased central and decreased peripheral

chemosensitivity to carbon dioxide. 30% of those with

autonomic neuropathy exhibited obstructive sleep apnoea/

hypopnoea, but no periodic breathing or central sleep apnoea

was seen. Clearly, further studies are needed to clarify the role

of autonomic neuropathy in abnormalities of upper airway

collapsibility and control of breathing during sleep.

4. Links between OSA and cardiovascular
disorders

OSA is associated with a variety of cardiovascular conditions

ranging from hypertension to heart failure [69,70], and OSA

has become increasingly considered as a potential thera-

peutic target for either primary or secondary prevention

of CVD.

4.1. Hypertension

OSA has been definitively shown to be an independent risk

factor for the development of hypertension [71]. In this study,

patients withmild tomoderate OSA (AHI 5–14.9) were twice as

likely to develop hypertension aswere thosewithout OSA. The

odds ratio rose to 2.89 in patients with severe OSA (AHI > 15).

Recent guidelines recommend screening for the presence

of OSA in patients with refractory hypertension [72].

4.2. Cardiovascular disease

In one cross-sectional study [73], OSA was associated with

a range of manifestations of CVD (stroke, heart failure,

ischaemic heart disease). The prevalence of CVD increased

progressively with increasing AHI, with multivariable-

adjusted relative odds (95% CI) of prevalent CVD for the

second, third, and fourth quartiles of the AHI (versus the first)

of 0.98 (0.77–1.24), 1.28 (1.02–1.61), and 1.42 (1.13–1.78),

respectively.

Other studies show that OSA is associated withmyocardial

infarction and in those with known coronary disease, patients

with OSA have an increased risk of cardiovascular events and

death [74,75]. Cardiac arrhythmias and sudden cardiac death

have also been shown to be more common in patients with

OSA [76–79].

4.3. Pathophysiology—OSA and cardiovascular disease

A variety of mechanisms and pathways may promote the

development of CVD in those with OSA.

1. Mechanical changes.

With each apnoeic or hypopnoeic episode, there is

exaggerated negative pleural pressure. This may impact

upon cardiac performance and induce shear stress on the

vasculature [80].

2. Intermittent hypoxia and oxidative stress.

Hypoxia is a strong stimulus for acute elevation of blood

pressure. In chronic hypoxia and hypercarbia, chemor-

eceptors may undergo long-term adaptation and play a

major role in elevating baseline blood pressure [81,82].

In the short-term, both chemoreceptor and sympatheti-

cally activated processes may mediate the increases in

blood pressure associated with simulated or spontaneous

apnoeas [83–86].

Evidence suggests that recurrent intermittent hypoxia–

reoxygenation in OSAmay lead to a state of oxidative stress

[87–89] and activation of inflammatory transcription path-

ways [88,89].

3. Systemic inflammation, vasoactive mediators, and endo-

thelial dysfunction.

Adverse changes in circulating levels ofmanyvasoactive

or inflammatory mediators including nitric oxide, inter-

leukin-6, tumour necrosis factor, C-reactive protein, and

platelet activation and coagulation factors have been

described in OSA [87,89–100].

4. Sympathetic activation.

Repeated oscillations in blood pressure following

breathing events in OSA may reset central baroreceptors

making them less sensitive, thus leading to persistent

elevation of blood pressure [72]. Furthermore, OSA

increases catecholamine levels, which may increase the

risk of CVD events and heart failure [54].

5. Effects on lipids.

Evidence of contribution of OSA towardsmodification of

circulating levels of lipids is conflicting [99,100]. Animal

studies have shown that intermittent hypoxia upregulates

genes of lipid biosynthesis [101], and that dyslipidemia and

lipid peroxidation are dependent on the severity of the

hypoxia [102]. Both increased levels of oxidized LDL, and

dysfunction of HDL have been described in OSA [89,103].

6. Physical inactivity.

The links described above between physical inactivity

and both OSA and diabetes are also likely to apply to CVD.

5. Impact of treatment of OSA

5.1. Benefits of weight loss

Weight loss (either from dietary or surgical intervention) has

been associated with improvements in AHI [104]. However,

nearly all weight loss studies are observational, with minimal

data from controlled trials. Nevertheless, weight loss is a

primary treatment strategy for OSA in an overweight or obese

patient. As weight is lost, patients may notice reduced

symptoms of OSA including more energy, improved social

interaction, cognition, andwork performance, fewer accidents

and decreased erectile dysfunction. Additionally, reduction

of daytime fatigue may lead to increased physical activity

and subsequent benefits on glucose metabolism, as well as
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enabling achievement and maintenance of a healthy body

weight. Such outcomes have not been formally studied, and

there is an urgent need to do so (see Section 8).

5.2. Effects of continuous positive airway pressure

treatment of OSA

5.2.1. Impacts on glucose metabolism

A number of studies have been conducted to determine if

treatment of OSA with CPAP improves glucose metabolism

and glycaemic control. Low patient numbers and lack of

adequate control subjects limited initial studies, the

majority of which showed no significant effects [91,105–

112]. More recently, a number of more rigorously designed

studies have been conducted, with mixed results. One

study in non-diabetic subjects demonstrated a significant

improvement in insulin sensitivity after two nights of CPAP

treatment and this effect was preserved after 3 months

[113]. The improvement in insulin sensitivity was seen

mostly in patients with BMI < 30 kg/m2. However, a rando-

mized-controlled crossover study in a non-diabetic, but

quite obese, population showed no effects of CPAP (versus

sham CPAP) on fasting serum glucose, insulin levels or

insulin sensitivity [40]. Studies of OSA treatment in type 2

diabetes have also been equivocal. One small study showed

a significant improvement in insulin sensitivity after 3

months, but no effect on HbA1c [37]. A recent randomized

controlled trial showed no change in insulin resistance or

HbA1c after 3 months of CPAP treatment [41]. However,

other studies have shown a significant reduction of HbA1c

in patients with suboptimal diabetes control [38,39]. A

recent observational study has shown that obese patients

with OSA had reductions in visceral fat and leptin levels,

but not in blood glucose or insulin resistance after 12 weeks

of CPAP. The benefits were seen in those who used CPAP

for >4 h/night, but not in those with less regular CPAP use

[42].

5.2.2. Impacts on cardiovascular disease

Treatment of OSA with CPAP has been shown to impact on a

range of cardiovascular measures [114,115]. In resistant

hypertension, guidelines recommend the investigation for

and treatment of any existing OSA [70]. Treatment of OSA

with CPAP has been shown to reduce ventricular ectopy and

may improve cardiovascular outcomes in patients with heart

failure [116].

6. Potential benefits of screening

6.1. Screening patients with OSA for metabolic disorders

Metabolic disease, including type 2 diabetes, is very common

in patients with OSA. Treatment is available that is likely to

reduce the risk of micro- and macrovascular complications.

The screening tests (waist measurement, blood pressure

measurement and fasting lipids and glucose [followed with

an OGTT, where appropriate]) are inexpensive and easy to

conduct. Monitoring of metabolic parameters is an essential

part of the care of patients with OSA.

6.2. Screening patients with type 2 diabetes for OSA

Screening questionnaires for OSA have relatively poor

sensitivity and specificity, and they have not been validated

in diabetic populations, where the prevalence of fatigue and

daytime sleepiness may be increased, even in the absence of

OSA [117]. However, since those patients with symptomatic

daytime sleepiness are those who stand to benefit most from

treatment of OSA (as well as the most likely to comply with

treatment in the long term), it may be considered worthwhile

to target these patients specifically. Currently, there is

inadequate evidence to support screening on the basis of an

expectation that treatment will improve metabolic para-

meters, other than blood pressure. Thus, a practical approach

until more research information is available might be to

investigate only those patients with classical symptoms, such

as witnessed apnoeas, heavy snoring or daytime sleepiness,

despite the fact that some patients with OSA will not be

identified thisway. Thosewith refractory hypertension should

also be considered for screening, as treating undiagnosed OSA

may improve blood pressure [70].

Although identification of OSA has long relied on the use of

an in-laboratory polysomnogram, diagnostic testing is expen-

sive andmay not be accessible in all clinical settings. Evidence

from a study of 59 people with diabetes, who each had

polysomnography and an assessment with a portable mon-

itoring (PM) unit, showed that using an AHI cut-off of 15, over

90% of individuals were correctly classified by PM [118]. One

screening strategy uses a two-stage approach in which a

structured questionnaire (e.g., the Berlin questionnaire) is

used in the first stage to assess the pre-test probability of sleep

apnea. Those at high risk undergo a second stage, with an

overnight evaluation at home with pulse oximetry or PM.

Patients with a high pre-test probability of OSA but a negative

test on PM may require further investigation by polysomno-

graphy, as the high positive predictive value but lower

negative predictive value of PM means that while a positive

test with PM is often adequate to diagnose OSA, a negative test

may be inadequate in ruling out OSA [119].

Patients with evidence of frequent sleep-related oxyhae-

moglobin desaturations or recurrent abnormal breathing

episodes on PM should be referred, if possible, to a sleep

specialist. In theabsenceof suchclinical expertise, anempirical

trial of CPAP therapy with an auto-titrating device can be

consideredwith involvement of a primary care physician and a

trained respiratory therapist. Undoubtedly, further research is

needed given the countless barriers in identifying undiagnosed

patients with OSA. Until formal evaluations of diagnostic

strategies are available, a detailed history or a structured

assessment followed by a simple nighttime evaluation will

streamline those in urgent need for treatment.

7. Conclusions

There is a high prevalence of OSA in people with type 2

diabetes and abnormal glucose metabolism, which may in

part be explained by obesity. Conversely, people with OSA

have a high prevalence of type 2 diabetes and related

metabolic disorders. There is a link between OSA and daytime
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somnolence, hypertension andCVD. In a group already at high

risk of CVD, consideration should be given to a contribution

from OSA. Questionnaires and clinical characteristics may

identify people with an increased likelihood of having OSA,

and diagnosis can be confirmed by appropriate investigation.

These studies have traditionally been conducted in an

inpatient setting. However, where such facilities are limited,

simpler home monitoring devices can aid in the diagnosis.

Available therapies for OSA include weight reduction in the

overweight and obese, reduction in alcohol intake, use of CPAP

and use of dental appliances.

The benefits of treatment of OSA have been established for

improvement in quality of life measures (e.g. improved sleep,

reduced fatigue anddaytime somnolence) and improvedblood

pressure control. Beneficial effects on glucose control, obesity

and other cardiovascular risk factors have been suggested but

have yet to be consistently demonstrated.

8. Recommendations

The IDF calls for immediate action to be taken among the

diabetes community to address the areas of awareness,

clinical practice and research with respect to OSA and type

2 diabetes.

1. Awareness

All health professionals involved with diabetes or OSA

should be educated about the links between the two

conditions. Health policy makers and the general public

must also be made more aware of OSA and the significant

financial and disability burden that it places on both

individuals and societies.

2. Clinical practice

Health professionalsworking in both type 2 diabetes and

OSA should adopt clinical practices to ensure that a patient

presenting with one condition is considered for the other.

Health professionals should aim to develop locally appro-

priate clinical pathways for both type 2 diabetes and sleep

services.

Sleep services: OSA patients should be routinely screened

for markers of metabolic disturbance and cardiovascular

risk. Minimum testing should include measurement of:

� waist circumference;

� blood pressure;

� fasting lipids;

� fasting glucose.

Diabetes services: The possibility of OSA should be

considered in the assessment of all patients with type 2

diabetes and the metabolic syndrome.

� Patients should be assessed for symptoms of OSA:

snoring, observed apnoea during sleep and daytime

somnolence.

� There should be a low threshold for referral to establish

the diagnosis, because of the established benefits of

therapy on hypertension and quality of life.

� Management of OSA should focus initially on weight

reduction for the overweight and obese. CPAP is the

current best treatment for moderate to severe OSA and

should be considered where appropriate.

3. Research

The IDF recommends research in the following areas:

� Epidemiological studies of prevalence of OSA in

� patients with type 2 diabetes and metabolic syndrome;

� children with obesity, especially those with type 2

diabetes;

� different ethnic groups;

� gestational diabetes and pre-eclampsia.

� Studies of the effects of OSA on

� insulin secretion, insulin resistance, mitochondrial

function and inflammatory markers;

� complications of type 2 diabetes.

� Intervention studies

� Appropriately powered randomised controlled trials of

CPAP and other therapies in peoplewith type 2 diabetes

with emphasis on cardiovascular risk factors and

outcomes, and glycaemic control. Additional outcomes

should also include oxidative stress, inflammatory

markers and adipokines/lipid metabolism.

� Trials of weight loss in patients with OSA and diabetes

(including use of anti-obesity medication).

� Resource development

� A reliable but inexpensive diagnostic strategy for OSA

to be used in a primary care setting.

� Treatments for OSA that are easier to use and cheaper

than CPAP.
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[67] A. Barceló, F. Barbé, E. Llompart, et al., Neuropeptide Y and
leptin in patients with obstructive sleep apnea syndrome:

d i a b e t e s r e s e a r c h and c l i n i c a l p r a c t i c e 8 1 ( 2 0 0 8 ) 2 – 1 210



role of obesity, Am. J. Respir. Crit. Care Med. 171 (2005)
183–187.

[68] E. Tasali, R. Leproult, D.A. Ehrmann, et al., Slow-wave
sleep and the risk of type 2 diabetes in humans, Proc. Natl.
Acad. Sci. U.S.A. 105 (2008) 1044–1049.

[69] P. Bottini, M.L. Dottorini, M. Cristina Cordoni, et al., Sleep-
disordered breathing in nonobese diabetic subjects with
autonomic neuropathy, Eur. Respir. J. 22 (2003) 654–660.

[70] H.E. Dincer, W. O’Neill, Deleterious effects of sleep-
disordered breathing on the heart and vascular system,
Respiration 73 (2006) 124–130.

[71] P.E. Peppard, T. Young, M. Palta, et al., Prospective study of
the association between sleep-disordered breathing and
hypertension, N. Engl. J. Med. 342 (2000) 1378–1384.

[72] A.V. Chobanian, G.L. Bakris, H.R. Black, et al., Seventh
report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure, Hypertension 42 (2003) 1206–1252.

[73] E. Shahar, C.W. Whitney, S. Redline, et al., Sleep-
disordered breathing and cardiovascular disease: cross-
sectional results of the Sleep Heart Health Study, Am. J.
Respir. Crit. Care Med. 163 (2001) 19–25.

[74] T. Mooe, K.A. Franklin, U. Wiklund, et al., Sleep-disordered
breathing and myocardial ischemia in patients with
coronary artery disease, Chest 117 (2000) 1597–1602.

[75] Y. Peker, J. Carlson, J. Hedner, Increased incidence of
coronary artery disease in sleep apnoea: a long-term
follow-up, Eur. Respir. J. 28 (2006) 596–602.

[76] R. Mehra, E.J. Benjamin, E. Shahar, et al., Association of
nocturnal arrhythmias with sleep-disordered breathing:
The Sleep Heart Health Study, Am. J. Respir. Crit. Care
Med. 173 (2006) 910–916.

[77] A.S. Gami, G. Pressman, S.M. Caples, et al., Association of
atrial fibrillation and obstructive sleep apnea, Circulation
110 (2004) 364–367.

[78] C.M. Ryan, K. Usui, J.S. Floras, et al., Effect of continuous
positive airway pressure on ventricular ectopy in heart
failure patients with obstructive sleep apnoea, Thorax 60
(2005) 781–785.

[79] A.S. Gami, D.E. Howard, E.J. Olson, et al., Day–night
pattern of sudden death in obstructive sleep apnea, N.
Engl. J. Med. 352 (2005) 1206–1214.

[80] G. Lorenzo-Rukgi, T.D. Bradley, Cardiac function in sleep
apnea, in: A.I. Pack (Ed.), Sleep Apneas—Pathogenesis,
Diagnosis and Treatment, Marcel Dekker, New York, NY,
2002, pp. 377–410.

[81] K. Narkiewicz, P.J. van de Borne, C.A. Pesek, et al.,
Selective potentiation of peripheral chemoreflex
sensitivity in obstructive sleep apnea, Circulation 99 (1999)
1183–1189.

[82] V.K. Somers, E.C. Fletcher, The mechanisms of
hypertension in obstructive sleep apnea, in: A.I. Pack (Ed.),
Sleep Apneas—Pathogenesis, Diagnosis and Treatment,
Marcel Dekker, New York, NY, 2002, pp. 353–376.

[83] J.W. Shepard Jr., Gas exchange and hemodynamics during
sleep, Med. Clin. North Am. 69 (1985) 1243–1264.

[84] J.G. van den Aardweg, J.M. Karemaker, Repetitive apneas
induce periodic hypertension in normal subjects through
hypoxia, J. Appl. Physiol. 72 (1992) 821–827.

[85] J.A. Hedner, I. Wilcox, L. Laks, et al., A specific and potent
pressor effect of hypoxia in patients with sleep apnea, Am.
Rev. Respir. Dis. 146 (1992) 1240–1245.

[86] J. Ringler, R.C. Basner, R. Shannon, et al., Hypoxemia alone
does not explain blood pressure elevations after
obstructive apneas, J. Appl. Physiol. 69 (1990) 2143–2148.

[87] L. Lavie, Obstructive sleep apnoea syndrome—an
oxidative stress disorder, Sleep Med. Rev. 7 (2003) 35–51.

[88] S. Ryan, C.T. Taylor, W.T. McNicholas, Selective activation
of inflammatory pathways by intermittent hypoxia in

obstructive sleep apnea syndrome, Circulation 112 (2005)
2660–2667.

[89] R. Schulz, C. Hummel, S. Heinemann, et al., Serum levels
of vascular endothelial growth factor are elevated in
patients with obstructive sleep apnea and severe
nighttime hypoxia, Am. J. Respir. Crit. Care Med. 165 (2002)
67–70.

[90] M.S.M. Ip, B. Lam, L.Y. Chen, et al., Circulating nitric
oxide is suppressed in obstructive sleep apnoea and is
reversed by nCPAP, Am. J. Respir. Crit. Care Med. 162 (2000)
2166–2171.

[91] K. Chin, T. Nakamura, K. Shimizu, et al., Effects of nasal
continuous positive airway pressure on soluble cell
adhesion molecules in patients with obstructive sleep
apnea syndrome, Am. J. Med. 109 (2000) 562–567.

[92] B.G. Phillips, K. Narkiewicz, C.A. Pesek, et al., Effects of
obstructive sleep apnea on endothelin-1 and blood
pressure, J. Hypertens. 17 (1999) 61–66.

[93] R. Schulz, C. Flototto, A. Jahn, et al., Circulating
adrenomedullin in obstructive sleep apnoea, J. Sleep Res.
15 (2006) 89–95.

[94] R.L. Riha, P. Brander, M. Vennelle, et al., Tumour necrosis
factor-alpha (-308) gene polymorphism in obstructive
sleep apnoea–hypopnoea syndrome, Eur. Respir. J. 26
(2005) 673–678.

[95] A.S. Shamsuzzaman, M. Winnicki, P. Lanfranchi, et al.,
Elevated C-reactive protein in patients with obstructive
sleep apnea, Circulation 105 (2002) 2462–2464.

[96] C. Guilleminault, C. Kirisoglu, M.M. Ohayon, C-reactive
protein and sleep-disordered breathing, Sleep 27 (2004)
1507–1511.

[97] D.S. Hui, F.W. Ko, J.P. Fok, et al., The effects of nasal
continuous positive airway pressure on platelet activation
in obstructive sleep apnea syndrome, Chest 125 (2004)
1768–1775.

[98] K.C. Tan, W.S. Chow, J.C. Lam, et al., Advanced glycation
endproducts in nondiabetic patients with obstructive
sleep apnea, Sleep 29 (2006) 329–333.

[99] R. von Kanel, J.E. Dimsdale, Hemostatic alterations in
patients with obstructive sleep apnea and the
implications for cardiovascular disease, Chest 124 (2003)
1956–1967.

[100] G.V. Robinson, J.C. Pepperell, H.C. Segal, et al., Circulating
cardiovascular risk factors in obstructive sleep apnoea:
data from randomised controlled trials, Thorax 59 (2004)
777–782.

[101] K.C. Tan, W.S. Chow, J.C. Lam, et al., HDL dysfunction
in obstructive sleep apnea, Atherosclerosis 184 (2006)
377–382.

[102] J. Li, D.N. Grigoryev, S.Q. Ye, et al., Chronic intermittent
hypoxia upregulates genes of lipid biosynthesis in lean
mice, J. Appl. Physiol. 99 (2006) 1634–1635.

[103] J. Li, V. Savransky, A. Nanayakkara, et al., Hyperlipidemia
and lipid peroxidation are dependent on the severity of
chronic intermittent hypoxia, J. Appl. Physiol. 102 (2007)
557–563.

[104] S.C. Veasey, C. Guilleminault, K.P. Strohl, et al., Medical
therapy for obstructive sleep apnea: a review by the
Medical Therapy for Obstructive Sleep Apnea Task Force
of the Standards of Practice Committee of the American
Academy of Sleep Medicine, Sleep 29 (2006) 1036–1044.

[105] B. Brooks, P.A. Cistulli, M. Borkman, et al., Obstructive
sleep apnea in obese noninsulin-dependent diabetic
patients: effect of continuous positive airway pressure
treatment on insulin responsiveness, J. Clin. Endocrinol.
Metab. 79 (1994) 1681–1685.

[106] K. Chin, K. Shimizu, T. Nakagami, et al., Changes in intra-
abdominal visceral fat and serum leptin levels in patients
with obstructive sleep apnea syndrome following nasal

d i a b e t e s r e s e a r c h and c l i n i c a l p r a c t i c e 8 1 ( 2 0 0 8 ) 2 – 1 2 11



continuous positive airway pressure therapy, Circulation
100 (1999) 706–712.

[107] B.G. Cooper, J.E. White, L.A. Ashworth, et al., Hormonal
and metabolic profiles in subjects with obstructive sleep
apnea syndrome and the acute effects of nasal continuous
positive airway pressure (CPAP) treatment, Sleep 18 (1995)
172–179.

[108] R.J. Davies, R. Turner, J. Crosby, et al., Plasma insulin and
lipid levels in untreated obstructive sleep apnoea and
snoring; their comparison with matched controls and
response to treatment, J. Sleep Res. 3 (1994) 180–185.

[109] M.S. Ip, K.S. Lam, C. Ho, et al., Serum leptin and vascular
risk factors in obstructive sleep apnea, Chest 118 (2000)
580–586.

[110] J. Saini, J. Krieger, G. Brandenberger, et al., Continuous
positive airway pressure treatment. Effects on growth
hormone, insulin and glucose profiles in obstructive sleep
apnea patients, Horm. Metab. Res. 25 (1993) 375–381.

[111] M. Smurra, P. Philip, J. Taillard, et al., CPAP treatment does
not affect glucose–insulin metabolism in sleep apneic
patients, Sleep Med. 2 (2001) 207–213.

[112] R.A. Stoohs, F.S. Facchini, P. Philip, et al., Selected
cardiovascular risk factors in patients with obstructive
sleep apnea: effect of nasal continuous positive airway
pressure (n-CPAP), Sleep 16 (1993) S141–S142.

[113] I.A. Harsch, S.P. Schahin, M. Radespiel-Troger, et al.,
Continuous positive airway pressure treatment rapidly

improves insulin sensitivity in patients with obstructive
sleep apnea syndrome, Am. J. Respir. Crit. Care Med. 169
(2004) 156–162.

[114] O. Milleron, R. Pilliere, A. Foucher, et al., Benefits of
obstructive sleep apnoea treatment in coronary artery
disease: a long-term follow-up study, Eur. Heart J. 25 (2004)
728–734.

[115] J.M. Marin, S.J. Carrizo, E. Vicente, et al., Long-term
cardiovascular outcomes in men with obstructive sleep
apnoea–hypopnoea with or without treatment with
continuous positive airway pressure: an observational
study, Lancet 365 (2005) 1046–1053.

[116] D.R. Mansfield, M.T. Naughton, Sleep apnea and
congestive heart failure, Minerva Med. 95 (2004) 257–280.

[117] E.O. Bixler, A.N. Vgontzas, H.M. Lin, et al., Excessive
daytime sleepiness in a general population sample: the
role of sleep apnea, age, obesity, diabetes, and depression,
J. Clin. Endocrinol. Metab. 90 (2000) 4510–4515.

[118] M.K. Erman, D. Stewart, D. Einhorn, et al., Validation of
the ApneaLink for the screening of sleep apnea: a novel
and simple single-channel recording device, J. Clin. Sleep
Med. 3 (2007) 387–392.

[119] N.A. Collop, W.M. Anderson, B. Boehlecke, et al., Clinical
guidelines for the use of unattended portable monitors in
the diagnosis of obstructive sleep apnea in adult patients.
Portable Monitoring Task Force of the American Academy
of Sleep Medicine, J. Clin. Sleep Med. 3 (2007) 737–747.

d i a b e t e s r e s e a r c h and c l i n i c a l p r a c t i c e 8 1 ( 2 0 0 8 ) 2 – 1 212


	Sleep-disordered breathing and type 2 diabetes
	Introduction
	Obstructive sleep apnoea
	Definition
	Clinical features
	Diagnosis
	Epidemiology
	Treatment
	Economics

	Links between OSA and disorders of glucose metabolism
	Effects of OSA on the development of type 2 diabetes
	Effects of OSA on glycaemic control in people with existing type 2 diabetes
	Effects of OSA on components of the metabolic syndrome
	Pathophysiology-OSA and impaired glucose metabolism

	Links between OSA and cardiovascular disorders
	Hypertension
	Cardiovascular disease
	Pathophysiology-OSA and cardiovascular disease

	Impact of treatment of OSA
	Benefits of weight loss
	Effects of continuous positive airway pressure treatment of OSA
	Impacts on glucose metabolism
	Impacts on cardiovascular disease


	Potential benefits of screening
	Screening patients with OSA for metabolic disorders
	Screening patients with type 2 diabetes for OSA

	Conclusions
	Recommendations
	Conflicts of interest
	Acknowledgements
	Working Group members
	References


