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Abstract
Obstructive sleep apnoea (OSA) is common and is associated with many vascular risk factors, such as hypertension, insulin resistance, 

albuminuria, dyslipidaemia, increased inflammation and endothelial dysfunction. Epidemiological studies have shown that OSA is 

associated with increased cardiovascular disease (CVD) and that continuous positive airway pressure (CPAP) might reduce CVD events 

in patients with OSA. In addition, OSA has also been shown to be associated with albuminuria, chronic kidney disease, a wide range 

of ocular diseases and peripheral neuropathy. Considering that CVD and microvascular complications are major contributors to the 

morbidity, mortality and the economic burden of diabetes and that OSA is common in patients with type 2 diabetes (T2D), it is important to 

understand the role of OSA in the development and/or progression of vascular disease in patients with T2D and to explore the impact of 

CPAP on diabetes-related vascular outcomes. The purpose of this article is to review the evidence for the relationship and impact of OSA 

on vascular disease and vascular risk factors particularly in patients with T2D.
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Diabetes-related macro- and microvascular complications contribute 

significantly to the increased morbidity, mortality, worsened quality of  

life and social and financial burden observed in patients with diabetes.1–5 

Hence, reducing the development and/or the progression of these 

complications is one of the main aims of treatment in patients with diabetes.

Over the last 2 decades, strategies resulting in the improvements 

of glycaemic control, blood pressure (BP) and lipids and the use of 

renin angiotensin aldosterone inhibitors, resulted in reductions in 

cardiovascular disease (CVD) in patients with diabetes, but there was 

little impact on diabetic microvascular complications.6 Nonetheless, 

both CVD and microvascular complications remain common and a 

better understanding of the pathogenesis of these complications is 

needed in order to identify new treatment strategies.

Obstructive sleep apnoea (OSA) is common in patients with type 2 diabetes 

(T2D) (up to 86 % prevalence), which is not surprising considering that 

increasing age and obesity are common risk factors to both conditions.7,8 

OSA is characterised by upper airway instability during sleep that results 

in recurrent upper airway obstruction resulting in either complete or 

partial cessation of airflow (i.e. apnoea and hypopnoea, respectively).9 

The recurrent obstructions of the upper airway usually result in recurrent 

oxygen desaturations/re-saturations, cyclical changes in intrathoracic 

pressure (as the patient attempts to breath against a blocked airway) and 

recurrent micro arousals that cause sleep fragmentation and reduction in 

slow wave and rapid eye movement (REM) sleep and result in termination 

of the apnoea/hypopnoea episodes.9

Several large epidemiological studies and randomised controlled trials 

(RCTs) have shown that OSA was associated with CVD and CVD risk 

factors in general populations, while the impact of OSA on vascular 

disease in patients with T2D has only gained attention in the last few 

years.7,10,11 In this article the evidence of the relationship and impact 

of OSA on vascular disease and CVD risk factors will be reviewed, 

particularly in patients with T2D. 

Obstructive Sleep Apnoea and Vascular  
Risk Factors
Obstructive Sleep Apnoea and Hypertension
Several cross-sectional, prospective and interventional studies 

showed that OSA was associated with sustained hypertension, lack of 

the nocturnal dipping of BP and incident hypertension and that OSA 

treatment lowered BP. Most of these studies were not in patients with 

T2D, but the limited evidence available in patients with T2D seems to 

support the findings of studies from the general population. 

In General Population Studies
In a cross-sectional analysis from the Sleep Heart Health Study, OSA was 

associated with hypertension in 6,132 middle-aged and older persons 

(aged ≥40 years) odds ratio (OR) (95 % confidence interval [CI]) for 
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hypertension for the highest versus the lowest category of the apnoea–

hypopnoea index (AHI) was 1.37 (1.03–1.83; p=0.005) after adjustment 

for body mass index (BMI), neck circumference, waist–hip ratio, alcohol 

and smoking.12 This association was present in men and women, older 

and younger, multiple ethnic groups and among normal weight and 

overweight patients.12 In the Wisconsin Sleep Cohort Study, OSA was 

associated with the presence of hypertension in 709 participants after 

4 years of follow-up; relative to an AHI of 0 at baseline, the adjusted 

ORs for the presence of hypertension at follow-up were 1.42 (95 % CI 

1.13–1.78), 2.03 (1.29–3.17) and 2.89 (1.46–5.64) for an AHI of 0.1 to 4.9, 

5.0 to 14.9 and ≥15.0 respectively (p=0002 for the trend).13 OSA was also 

a predictor of incident systolic nocturnal non-dipping of BP (based on 

24-hour ambulatory BP) over an average of 7.2 years follow-up in 328 

adults from the Wisconsin Sleep Cohort Study (adjusted OR [95 % CI] 

for baseline AHI 5–14.9 and ≥15, versus AHI <5, were 3.1 [1.3–7.7] and  

4.4 [1.2–16.3], respectively).14

Impact of Obstructive Sleep Apnoea Treatment
The causality between OSA and hypertension was further confirmed in 

interventional and RCTs. A recent meta-analysis of RCTs showed that 

continuous positive airway pressure (CPAP) lowered BP in hypertensive 

patients with OSA, particularly in relation to diastolic BP, nocturnal 

systolic BP and in patients receiving anti-hypertensives.15 In a RCT of 

hypertensive patients with OSA in which patients were randomised to 

oral appliances with or without mandibular advancement, there was a 

trend for lowering BP in the active versus control groups, particularly 

in those with BP >135/85 mmHg and AHI >15.16 CPAP also might have 

had a BP-lowering effect even in those with resistant hypertension.15 

In a small RCT of moderate to severe OSA patients with resistant 

hypertension, in which patients were randomised to medical therapy 

versus CPAP + medical therapy, 6 months of CPAP was associated 

with greater reductions in systolic and diastolic BP (systolic +3.1±3.3 

versus −6.5±3.3; diastolic +2.1±2.7 versus –4.5±1.9 mm Hg; p<0.05 

for both comparisons).17 This effect was mainly for diurnal rather than 

nocturnal BP.17 Another open-label RCT in which patients with moderate 

to severe OSA and resistant hypertension were randomised to CPAP or 

no CPAP in addition to usual medical therapy, showed that 12 weeks of 

CPAP resulted in a greater reduction compared with the control group 

in terms of the average 24-hour BP (3.1 mm Hg [95 % CI 0.6 to 5.6]; 

p=0.02) and diastolic BP (3.2 mm Hg [95 % CI 1.0 to 5.4]; p=0.005), but 

not systolic BP.18 In addition, CPAP resulted in a greater proportion of 

patients having nocturnal BP dipping compared with the control group 

(35.9 % versus 21.6 %, adjusted OR 2.4 [95 % CI, 1.2 to 5.1]; p=0.02).18 

There was a significant modest positive correlation between hours 

of CPAP use and the decrease in 24-hour mean BP, diastolic BP and 

systolic BP (correlation coefficients were 0.25–0.30).18 However, not all 

studies showed similar results; in recent RCTs 3–6 months of CPAP had 

no impact on BP in patients with moderate to severe OSA and resistant 

hypertension.19,20 Furthermore, in an 8-week RCT with a crossover 

design, both CPAP and valsartan resulted in a significant reduction in 

mean 24-hour BP but valsartan was superior to CPAP (−7.0 mm Hg, 

95 % CI −10.9 to −3.1 mm Hg; p<0.001).21

The impact of CPAP on incident hypertension was assessed in one RCT, 

in which 723 patients with AHI ≥20 and ESS ≤10 were randomised 

to CPAP versus no CPAP. After 4 years, CPAP treatment had not had 

any impact on the incidence of hypertension and CVD (combined) 

in the intention-to-treat analysis (OR 0.83, 95 % CI 0.63–1.1; p=0.20), 

but sub-group analysis showed that adherence to CPAP treatment  

(≥4 hours/night) lowered the incidence of the combined outcome  

(OR 0.72, 95 % CI 0.52–0.98; p=0.04).22 There was no significant impact 

of CPAP when incident hypertension and incident CVD were analysed 

separately but this might be related to sample size. 

In Patients with Type 2 Diabetes
Unlike the extensive evidence for the relationship between OSA and 

hypertension in the general population, data in patients with T2D are 

rather limited, despite the high prevalence of OSA in patients with T2D 

and the importance of maintaining good BP targets to reduce diabetes-

related vascular complications. In a large cross-sectional study that 

included 12,765 patients with hypertension (2,954 with T2D), patients with 

T2D and either awake BP ≥135/85 mm Hg or asleep BP ≥120/70 mm Hg,  

had a higher prevalence of OSA than those with T2D, but lower BP and 

patients with T2D had a higher prevalence of non-dipping of nocturnal 

BP than those without T2D;23 these findings suggest that OSA might 

contribute to the non-dipping of nocturnal BP in patients with T2D. 

Impact of Continuous Positive Airway Pressure
In a retrospective cohort database study of 221 patients with 

newly diagnosed OSA, CPAP was associated with a mean change of  

–7.44 (95 % CI –10.41 to –4.47) and –3.14 (–4.99 to –1.29) at 3–6 months 

and –6.81 mmHg (–9.94 to –3.67 mmHg) and –3.69 mmHg (–5.53 to 

–1.85 mmHg) at 9–12 months in systolic and diastolic BP, respectively.24 

Greater adherence was associated with greater reductions in diastolic 

BP, but the association was modest (R2=0.04; p=0.04).24 Another 

randomised parallel group intervention trial, in which patients with 

T2D and OSA were randomised to early (<1 week) or late (1–2 months) 

CPAP for 3 months, showed that CPAP resulted in reductions in systolic 

and diastolic BP (149±23/80±12 to 140±18/73±13 mm Hg; p=0.005 and 

0.007 for systolic and diastolic BP, respectively).25

Clearly, much more evidence is needed before proving causality 

between OSA and hypertension in patients with T2D. There is a need for 

randomised placebo and active controlled trials assessing the impact 

of OSA and CPAP on hypertension in patients with T2D, particularly in 

those with resistant hypertension.

Obstructive Sleep Apnoea and Insulin Resistance
Insulin resistance (IR) is an important risk factor for the development 

of vascular dysfunction and CVD.26–29 IR is also associated with many 

cardiovascular risk factors such as the metabolic syndrome, hypertension, 

dyslipidaemia, hypercoagulability and sympathetic activation.28,30–32

In General Population Studies
Several cross-sectional studies showed an association between OSA 

and IR but some studies did not show such an association.7,10,11 Obesity 

is obviously a major confounder but the association between OSA and 

IR was also found in lean individuals, suggesting that the relationship 

is independent of obesity.33,34 One study examined the effect of OSA on 

IR longitudinally; over 11-year follow-up OSA, AHI, oxygen desaturation 

index (ODI) and minimal oxygen saturations overnight were independently 

associated with IR after adjustment for age, baseline BMI, hypertension, 

BMI change over follow-up and CPAP treatment.35 CPAP was shown 

to lower IR (improve insulin sensitivity) in several studies and meta-

analysis,36–38 particularly when CPAP usage was >4 hours per night.39

In Patients with Type 2 Diabetes
Data about the impact of OSA on IR in patients with T2D are limited. 

Two cross-sectional studies from the same group showed that OSA 

was associated with IR (based on the homeostatic model assessment 
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[HOMA]) in patients with T2D.40,41 A meta-analysis42 of two non-

randomised trials43,44 showed that CPAP treatment improved insulin 

sensitivity in patients with T2D suggesting possible causality. Further 

studies and clinical trials are needed to assess the impact of OSA on 

IR in patients with T2D, particularly in those with severe IR considering 

that the pharmacological options to treat severe IR in T2D are limited. 

Obstructive Sleep Apnoea and Lipids
In General Population Studies
Many cross-sectional studies examined the relationship between 

OSA and hyperlipidaemia. The results are conflicting mainly due to 

differences in the population examined (particularly the choice of the 

control group, the sample size and the possible confounding effects of 

CPAP).45,46 A recent meta-analysis of 64 studies showed that OSA was 

associated with higher total cholesterol, higher low-density lipoprotein 

(LDL), higher triglycerides and lower high-density lipoprotein (HDL).45 

AHI correlated positively with triglyceride levels and negatively with 

HDL levels but not with total cholesterol or LDL.45 The association 

between OSA/AHI and triglyceride levels was also evident in non-obese 

patients34 suggesting that relationship is independent of obesity and 

possibly more related to IR. However, despite these findings, a good 

evidence of causality between OSA and hyperlipidaemia is lacking, 

although mechanistically it is plausible that chronic intermittent 

hypoxia might lead to hyperlipidaemia via the generation of stearoyl-

coenzyme A desaturase-1 and oxidative stress, peroxidation of lipids 

and sympathetic activation.46

Impact of Continuous Positive Airway Pressure
The CPAP impact on dyslipidaemia was assessed in several meta-analyses. 

In a meta-analysis that included 29 clinical trials, the majority of which 

were uncontrolled and not RCTs with a study duration of 3–6 months 

(range 2 days to 8 months), CPAP reduced total cholesterol and LDL and 

increased HDL and had no effect on triglycerides.47 Another meta-analysis 

that included only RCTs (n=6) showed slightly different results in that 

CPAP had no effect on LDL, HDL or triglycerides but CPAP did lower total 

cholesterol levels particularly in patients who were younger, more obese 

and who used CPAP for a longer period.48 Hence, the impact of CPAP on 

lipids remains unclear. It needs to be noted that the impact of CPAP might 

be less relevant than that of lipid-lowering treatments currently available. 

In Patients with Type 2 Diabetes
In patients with T2D, the impact of CPAP is limited to one RCT in which 

patients were randomised to early versus late CPAP treatment; the 

combined analysis of both arms showed that 3 months of CPAP had no 

effect on the lipids.25 However, the levels of total cholesterol, LDL, HDL 

and triglycerides were largely within recommended targets for patients 

with T2D at baseline and approximately 80 % of the study participants 

were on lipid-lowering treatment.25 Clearly there is need for RCTs and 

appropriately designed longitudinal studies to understand the impact 

of OSA on dyslipidaemia in diabetes.

Obstructive Sleep Apnoea, Inflammation and 
Endothelial Dysfunction
As OSA is associated with increased oxidative stress and activation of 

the sympathetic nervous system and free fatty acid release, hence, it is 

plausible that OSA is associated with increased systematic inflammation.49

Chronic intermittent hypoxia, a feature of OSA, was associated with 

increased nuclear factor κB (NF-κB) and hypoxia-inducible factor-1 

(HIF-1) in vivo and in vitro; both of which can result in systematic 

inflammation.50,51 OSA has been shown to be associated with 

increased systematic cytokines such as interleukin (IL)-6, IL-8, tumour 

necrosis factor alpha (TNF-α), c-reactive protein (CRP), granulocyte 

chemotactic protein-2 (GCP-2) and monocyte chemotactic protein-1 

(MCP-1) independent of obesity.52-61 However, not all studies showed a 

relationship between OSA and inflammation62,63 with obesity being the 

main confounder.64 Whether CPAP reduces systematic inflammation 

and cytokines is unclear as some studies showed that CPAP reduced 

systematic inflammation while others did not.49, 65, 66

Adhesion molecules (selectins and integrins) play an important role 

in inflammation and in the interaction between the endothelium, 

platelets and white cells.64 Polymorphnuclear cells, monocytes and  

T lymphocytes from patients with OSA had increased adhesion 

molecules, increased avidity to endothelial cells and increased prolonged 

lifespan of active polymorphmuclear cells compared with controls.67–74 

In addition, endothelial cells from patients with OSA showed increased 

expression of adhesion molecules (intercellular adhesion molecule 1 

[ICAM-1], vascular cell adhesion molecules (VCAM) and E-selectin and 

P-selectin) compared with controls, which might be reversible with 

CPAP treatment.60,61,75–77

Several studies showed that OSA was associated with endothelial 

dysfunction. OSA patients had reduced circulating and endothelial levels of 

nitric oxide, which can improve after CPAP,78–80 partly because of reduction 

in nitric oxide production secondary to the inhibition of nitric oxide 

synthase.81 Patients with OSA exhibited impaired endothelial-dependent 

and independent vasodilatation82 independent of hypertension,83 obesity84 

and cardiovascular risk factors.85

In patients with T2D, OSA and hypoxaemia, measures were associated 

with increased nitrosative stress and oxidative stress despite 

adjustment for many confounders.64, 86 In addition, OSA and lower nadir 

nocturnal oxygen saturations were also associated with reduction in 

nitric oxide-induced vasodilation compared with those with T2D but 

without OSA, despite adjustment for many confounders.86

Obstructive Sleep Apnoea and  
Cardiovascular Disease
In General Population Studies
Several cross-sectional and case-controlled studies showed an 

association between OSA and CVD.87,88 In patients with stable coronary 

artery disease (CAD), OSA patients had a larger atherosclerotic plaque 

volume (based on intravascular ultrasound) compared with patients 

without OSA; the AHI correlated positively with the plaque volume 

measured by ultrasound (r=0.6; p=0.01)89 or computed tomography 

(CT) angiogram (r=0.4; p=0.02).90 Patients with OSA were also more 

likely to develop acute myocardial infarction between 12 am and 

6  am compared with matched controls without OSA (32 % versus 

7 %; p=0.01)91 supporting the role of nocturnal events in OSA in the 

development of myocardial infarction. 

Longitudinal Studies and the Impact of 
Continuous Positive Airway Pressure
Several prospective observational studies have also shown that OSA 

predicts the development of incident CVD and that CPAP might reduce 

CVD incidence in patients with OSA.92–97 In a study of 182 consecutive 

middle-aged men who were free of CVD at baseline and were followed 

up for 7 years, OSA was an independent predictor of incident CVD 

(adjusted OR 4.9, 95 % CI 1.8–13.6).92 CPAP treatment was associated 
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with a reduction in CVD incidence (56.8 % versus 6.7 % for incompletely 

treated versus efficiently treated with CPAP, respectively; p<0.001).92 In 

another study of men with OSA, patients with untreated severe OSA 

had a higher incidence of fatal and non-fatal CVD compared with 

untreated patients with mild to moderate OSA, simple snorers, patients 

treated with CPAP and healthy participants after a mean follow-up  

of 10.1 years.93 Untreated severe OSA significantly increased the risk of 

fatal (adjusted OR 2.87, 95 % CI 1.17–7.51) and non-fatal (adjusted OR 

3.17, 95 % CI 1.12–7.51) CVD compared with healthy participants.93 In 

another study in which 1,022 patients were followed up for a median 

of 3.4 years, OSA increased the risk of stroke or death (hazard ratio 

[HR] 1.97, 95 % CI 1.12–3.48; p=0.01).94 In a longitudinal study of 1,189 

patients from the general population; AHI ≥20 was associated with an 

increased risk of suffering a first-ever stroke over the next 4 years in 

the unadjusted analysis (OR 4.31, 95 % CI 1.31–14.15; p=0.02), but this 

association became non-significant after adjustment for age, sex and 

BMI (OR 3.08, 95 % CI 0.74–12.81; p=0.12).98

Not all studies showed that CPAP was associated with a reduction in 

CVD incidence: in a large cohort of US veterans (over 3 million, 97 % 

men, average age 60.5 years) and after a median follow-up of 7.7 

years, untreated and treated OSA were associated with incident CAD 

(HR 3.54, 95 % CI 3.40 to 3.6 and 3.06, 95 % CI 2.62 to 3.56) and incident 

stroke (HR 3.48, 95 % CI 3.28 to 3.64 and HR 3.50, 95 % CI 2.92 to 4.19) 

for untreated and treated OSA, respectively.96 Finally, a recent study 

suggested that the impact of OSA on incident CVD might be modulated 

by age and gender: in a cohort of 1,927 men and 2,495 women who 

were free of CAD and heart failure at baseline and were followed-up 

for a median of 8.7 years OSA was an independent predictor of incident 

CAD only in men younger than 70 years of age (adjusted HR 1.10, 95 % 

CI 1.00–1.21 per 10 unit increase in the AHI).97 OSA also predicted 

incident heart failure in men only (adjusted HR 1.13; 95 % CI 1.02–1.26 

per 10 unit increase in AHI).97 In another prospective study of 5,422 

participants without a history of stroke at baseline, after a median of 

8.7 years men in the highest AHI quartile (>19) had an adjusted HR of 

2.86 (95 % CI 1.1–7.4). In men with AHI 5–25, each one unit increase in 

AHI was associated with increased stroke risk by 6 % (95 % CI 2–10 %): 

no such associations were found in women.99 However, in another 

prospective study in which the primary outcome was to examine the 

impact of OSA on a composite endpoint of stroke and CAD in women 

(n=967), after a median follow-up of 6.8 years, the untreated OSA group 

had greater risk of incident stroke and CAD combined compared with 

the control group (adjusted HR 2.76, 95 % CI 1.35–5.62) and 0.91 (95 % 

CI 0.43–1.95) for the CPAP-treated group.100 Most of the impact of 

untreated OSA was due to increased incident stroke (adjusted HR 6.44; 

95 % CI 1.46–28.3) rather than incident CAD (adjusted HR 1.77, 95 %  

CI 0.76–4.09).100

There is a lack of RCTs assessing the impact of CPAP on CVD incidence 

in patients with OSA. In one RCT, in which 723 patients with AHI ≥20 and 

Epworth Sleepiness Scale (ESS) ≤10 were randomised to CPAP versus 

no CPAP; after 4 years CPAP treatment had no impact on the incidence 

of hypertension and CVD (combined) in the intention-to-treat analysis 

(OR 0.83, 95 % CI 0.63–1.1; p=0.20), but subgroup analysis showed that 

adherence to CPAP treatment (≥4 hours/night) lowered the incidence 

of the combined outcome (OR 0.72, 95 % CI 0.52–0.98; p=0.04).22 There 

was no significant impact of CPAP on incident CVD when analysed 

separately from hypertension, but this might be related to sample size. 

Hence, there is a need for RCTs of adequate study duration and sample 

size to assess the impact of OSA on CVD. 

In Patients with Type 2 Diabetes
The evidence for the relationship between OSA and CVD in T2D is 

limited. In the Look AHEAD study, AHI was associated with self-reported 

history of stroke (adjusted OR 2.57, 95 % CI 1.03–6.42), but not with 

CAD in a cross-sectional analysis.101 A more recent study provided more 

convincing evidence of an association between OSA and CVD in T2D; in 

this study 132 consecutive asymptomatic patients with T2D and normal 

exercise echocardiography for ≤8 years were followed for a median 

of 4.9 years and found that OSA was associated with incident CAD 

(adjusted HR 2.2, 95 % CI 1.2–3.9, p=0.01) and heart failure (adjusted HR 

3.5, 95 % CI 1.4–9.0; p<0.01).102 Whether CPAP treatment reduces CVD 

progression or incidence in patients with T2D is unknown.

Obstructive Sleep Apnoea and  
Microvascular Disease
There are many plausible reasons to postulate that OSA might result in 

microvascular disease. We have reviewed these potential mechanisms 

previously in this journal8 but, in summary, OSA and intermittent 

hypoxaemia can result in increased oxidative and nitrosative stress, 

Poly (ADP-ribose) polymerase (PARP) activation, increased advanced 

glycation end-products (AGE), protein kinase C (PKC) activation and 

inflammation in patients with and without diabetes – all of which can 

result in endothelial dysfunction and microvascular disease.7,11

Obstructive Sleep Apnoea and Nephropathy/
Chronic Kidney Disease
In General Population Studies
OSA has been shown to be prevalent in patients with end stage renal 

disease (30–80 %);103–105 but the direction of this relationship and causality 

is not clear.106 Several studies examined the association between OSA 

and albuminuria/renal function; however, the vast majority of these 

studies were cross-sectional making it difficult to infer causality.

Obstructive Sleep Apnoea and Albuminuria
In a cross-sectional study of 121 patients with newly diagnosed, 

untreated hypertension, patients with moderate to severe OSA had 

higher urinary albumin excretion compared with patients without 

OSA (14.5±6.9 versus 10.0±8.0 mg/24 hours; p=0.014) and the AHI 

was associated with urinary albumin excretion after adjustment for 

BP and components of the metabolic syndrome.107 Similar results 

were found in another cross-sectional study of 40 patients with 

newly diagnosed OSA without diabetes or hypertension that found 

that the AHI was independently associated with increased urinary 

albumin creatinine ratio (ACR) after adjustment for gender, age, BMI, 

hyperlipidaemia, HOMA-IR, blood creatinine, albumin and estimated 

glomerular filtration rate (eGFR).108 In a cross-sectional study of 507 

older community-dwelling men (age 76.0 ± 5.3 years), patients with 

severe OSA had greater urinary ACR compared with those without OSA 

(age- and race-adjusted mean ACR 9.35 versus 6.72 mg/g; p=0.007) 

but this difference became non-significant after adjustment for BMI, 

hypertension and diabetes.109 However, % time of oxygen saturation  

<90  % remained significantly associated with urinary ACR after 

adjustment for age, race, BMI, hypertension and diabetes (10.35 mg/g 

for ≥10 % time oxygen saturation <90 versus 7.45 mg/g for <1 % time 

oxygen saturation <90; p=0.046).109 In another study of 496 adults, AHI 

was an independent predictor of urinary ACR after adjustment for age, 

ethnicity, BMI, smoking, eGFR, diabetes and hypertension.110 In order 

to address the matter of hypertension as a possible confounder, a 

cross-sectional study of 62 untreated hypertensive patients with OSA 

and 70 hypertensive patients without OSA, who were matched for 
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age, sex, smoking status, BMI and 24-hour pulse pressure, showed 

albuminuria to be greater by 57 % in patients with OSA versus those 

without and urinary ACR correlated with AHI and other markers of OSA 

severity.111 This relation remained significant following adjustment for 

confounders.111 However, other studies showed no relation between 

albuminuria or proteinuria and OSA.112–114

Obstructive Sleep Apnoea and Renal Function
Similar to albuminuria, the relationship between OSA and renal function 

was mainly assessed in cross-sectional studies and the results are 

conflicting. In a cross-sectional study of selective 91 morbidly obese 

adults (BMI 48.3±8.9 kg/m2) before bariatric surgery, serum creatinine 

was significantly higher in the OSA group (0.8±0.2 mg/dl in no OSA, 

0.9±0.2 mg/dl in OSA; p=0.01)112 and AHI remained independently 

associated with serum creatinine after adjustment.112 In a study of 

505 men with OSA (defined as respiratory disturbance index [RDI] ≥15 

events/hour), serum cystatin-C correlated with RDI, but this relation 

was lost after adjustment for possible confounders.115 Based on the 

Mayo clinic formula (and not Modification of Diet in Renal Disease 

[MDRD]), men with renal impairment had 2.1-fold greater odds of OSA 

even after adjustments for confounders.115 In a similar study by the 

same group, lower eGFR (based on MDRD) was not associated with 

higher RDI.116 In an interesting cross-sectional study that included 100 

patients who already have CKD (eGFR 28.5 ml/minute/1.73 m2) and who 

were not obese (23.1 kg/m2), a 10 ml/minute/1.73 m2 decrease in eGFR 

was associated with 42 % increased odds of OSA after adjustment for 

age, BMI and diabetes mellitus and eGFR was inversely correlated with 

AHI after adjustment for covariates.117

In a prospective study of 858 patients with an average follow-up of 

2.1 years, patients with nocturnal hypoxia (defined as oxygen saturation 

<90 % for ≥12 % of the nocturnal monitoring time) had a significant 

increase in the adjusted risk of accelerated kidney function loss (defined 

as decline in eGFR ≥4 ml/minute/1.73 m2 per year) compared with 

controls without hypoxia after adjustment for RDI, age, BMI, diabetes, 

heart failure and the use of angiotensin-converting-enzyme (ACE) 

inhibitors or angiotensin receptor blockers (OR 2.89, 95 % CI 1.25–6.67).118 

In this study, OSA was associated with accelerated kidney function 

loss in the univariate analysis, which became non-significant after 

adjustment for confounders.118 In a large prospective study of a nationally 

representative cohort of over 3 million (n=3,079,514) US veterans (93 % 

male) with baseline eGFR ≥60 ml/minute/1.73 m2, the risk of incident 

chronic kidney disease (CKD) (defined as eGFR <60 ml/min/1.73 m2) was 

greater in untreated (adjusted HR 2.27, 95 % CI 2.19–2.36) and treated 

(adjusted HR 2.79, 95 % CI 2.48 to 3.13) patients with OSA.96

Impact of Continuous Positive Airway Pressure
The impact of CPAP on albuminuria is unclear. In an uncontrolled study 

of 18 patients (four women), the use of CPAP for 1 month resulted in 

lowering of urinary albumin excretion and urinary ACR by more than  

50 %.119 In a small pilot, RCT patients with moderate to severe OSA (n=13) 

were randomised to CPAP for 4 weeks versus no treatment; CPAP 

resulted in important reductions in urinary albumin compared with 

no treatment, although this was not statistically significant, most likely 

due to the small sample size.120 Longitudinal and interventional studies 

assessing the impact of OSA and CPAP on albuminuria are needed.

An uncontrolled clinical trial of 39 patients with newly diagnosed 

severe OSA on CPAP for 3 months did not result in any changes in 

serum creatinine or eGFR, but cystatin C (a biomarker of early CKD) 

declined significantly (0.87±0.18 versus 0.77±0.21; p<0.001);121 the  

lack of impact on eGFR may not be surprising considering the short 

duration of treatment. In another uncontrolled study of 38 patients with 

OSA, 3 months of CPAP resulted in a decrease in the serum creatinine 

levels (0.87±0.09 to 0.82±0.01 mg/dl; p=0.013) and increased eGFR 

(72.9±12.0 to 79.3±17.9 ml/minute/1.73 m2; p=0.014).122

Although the results from these studies are conflicting, the majority 

showed an association between OSA or one of its parameters and 

renal function, decline in renal function and/or CKD but the impact of 

CPAP is unclear and well-designed RCTs are required.

In Patients with Type 2 Diabetes
Several studies examined the association between OSA and diabetic 

nephropathy (DN)/CKD, all except one study were cross-sectional. OSA 

was found to be associated with DN (defined as albuminuria and/or 

reduced eGFR) in patients with T2D after adjustment for a wide range of 

potential confounders (adjusted OR 2.64, 95 % CI 1.13–6.16; p=0.02).123 

In this study, patients with OSA had significantly more albuminuria, 

higher creatinine, lower eGFR and a greater proportion of patients with 

eGFR <60 ml/minute/1.73 m2 compared with patients without OSA.123 

Lower nadir nocturnal oxygen saturation was also associated with DR 

after adjustment for potential confounders (OR 0.96, 95 % CI 0.93–1.00; 

p=0.05).123 After a 2.5-year follow-up, the eGFR decline was greater in 

patients with OSA compared with those without OSA (median −1.4 % 

[interquartile range (IQR) −7.7 to 5.2] versus −5.3 % [−16.5 to 2.7] 

versus −8.7 % [−16.1 to 2.0]; p=0.003, for no OSA versus mild versus 

moderate to severe OSA) and OSA was an independent predictor of 

study end eGFR (B=−4.2; p=0.03) and eGFR decline.123 Baseline AHI was 

also an independent predictor of study end eGFR after adjustment  

(B= −4.6, p=0.02).123 The progression to albuminuria was numerically but 

not statistically greater in patients with OSA compared those without 

OSA (22.6 % versus 13.3 %; p=0.23).123 

In the same observational longitudinal study the use of CPAP was 

associated with a favourable impact on eGFR decline over the follow-up 

(median –1.4 % [IQR –7.7 % to 5.2 %] versus –5.3 % [–16.5 % to 2.7 %] 

versus – 7.7 % [–15.9 % to –1.8 %] versus –10.0 % [–17.2 % to 2.3 %]) for 

no OSA versus mild OSA versus moderate to severe OSA CPAP-compliant 

versus moderate to severe OSA non-compliant with CPAP respectively 

(p=0.01 for the trend).123

In a study of Japanese patients with T2D, an ODI≥5 was independently 

associated with microalbuminuria in women but not in men after 

adjustment for confounders.124 Another cross-sectional study showed 

no relationship between OSA and microalbuminuria in patients with 

T2D, but this study was of a small sample size (n=52).125 In another 

small study utilising data collected during routine clinical care from 

90 patients with T2D and morbid obesity, the time spent with oxygen 

saturations <90  % and AHI correlated with AHI after adjustment for 

potential confounders.126

It is possible that OSA contributes to the development and/or 

progression of nephropathy and CKD in patients with T2D, but further 

well-designed longitudinal studies and interventional trials are needed.

Obstructive Sleep Apnoea and Retinopathy
In General Population Studies
There are no typical retinal changes that are associated with OSA in 

patients without T2D; however, several cross-sectional studies showed 
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that OSA is associated with a variety of ocular lesions. In the Sleep 

Heart Health Study, 2,927 patients had retinal photographs taken.127 

The overall prevalence of retinopathy was non-significantly higher in 

people with higher RDI values; an increase of RDI from 0 to 10 was 

associated with a predicted decrease in arteriole-to-venule ratio of 

0.01.127 However, it must be noted that retinal images were obtained 

from one randomly selected eye after 5 minutes of dark adaptation 

without the use of dilators.127 OSA has been reported to be associated 

with other eye lesions such as central serous chorioretinopathy, retinal 

vein thrombosis, ocular hypertension and optic neuropathy.128–132 

OSA was also associated with reduced  retinal  sensitivity, measured 

with standard automated perimetry compared with age-matched 

healthy controls.133 In another study of 124 patients, the AHI correlated 

negatively with the nasal retinal nerve fibre layer thickness (measured 

by optical coherence tomography) after adjustment.134

In Patients with Type 2 Diabetes
Similar to DN, several studies examined the relationship between OSA 

and DR but they were all cross-sectional, except for one longitudinal 

study. In Japanese patients undergoing vitreous surgery for advanced 

diabetic retinopathy (DR), lower oxygen saturations were associated 

with proliferative DR after adjustment for age, glycated haemoglobin 

(HbA1c) and hypertension.135 In a study from the UK, OSA was 

independently associated with DR and maculopathy after adjusting 

for age, BMI, diabetes duration and hypertension in men with T2D.136 

Similarly, in another study from the UK, patients with OSA were three to 

four times more likely to have sight-threatening DR, pre-proliferative/

proliferative DR or maculopathy, after adjustment for a wide range of 

confounders including gender and ethnicity.137

Longitudinally, patients with OSA were more likely to develop pre-

proliferative/proliferative DR (adjusted OR 6.6, 95 % CI 1.2–35.1; 

p=0.03); patients who were compliant with CPAP treatment had lower 

progression to pre-proliferative/proliferative DR compared with non-

complaint patients.137

Minimum nocturnal oxygen saturations were also associated with 

DR/maculopathy independent of potential confounders in cross-

sectional studies.138,139 An interesting study of patients receiving anti-

VEGF treatment for diabetic and age-related macular oedema (n=103) 

showed patients with poor response to treatment had a significantly 

higher risk of OSA compared with age-matched controls.140 Whether 

OSA contributed to the lack of efficacy of anti-vascular endothelial 

growth factor (VEGF) treatment is unclear.

In a proof of concept uncontrolled, hypothesis-generating study, CPAP 

treatment for 6 months was associated with improvement in visual 

acuity without an impact on macular oedema/thickness, suggesting 

improved functionality, rather than actual change in the oedema.141

The studies are suggestive of an association between OSA and 

DR; however, whether this association is with the development or 

the progression of DR is unclear. It is plausible that OSA is mainly 

associated with the progression rather than the development of DR; 

studies from the general population showed that OSA did not result 

in retinal changes similar to those observed in diabetes. Hence, while 

the development of DR is primarily dependent on the presence of 

hyperglycaemia, the progression of DR might be associated with OSA. 

Further longitudinal studies and interventional trials are needed to 

assess the impact of OSA on DR. 

Obstructive Sleep Apnoea and Neuropathy
OSA and nocturnal hypoxia have been associated with the development 

of peripheral neuropathy in three small studies that included a small 

number of participants (n<40). In a case-control study, patients with 

severe OSA (AHI >30 events/hour) had worse parameters (amplitude and 

velocity) during nerve conduction studies compared with age-matched 

controls.142 In another study, the prevalence of possible polyneuropathy 

was much higher in OSA patients (AHI ≥10 events/hour) than that in 

age and BMI matched controls (71 % versus 33 %; p<0.05).143 In addition, 

the amplitudes of the sensory nerve action potentials were significantly 

smaller in the OSA group.143

One small uncontrolled study of CPAP for 6 months showed that OSA 

was associated with axonal dysfunction of the peripheral sensory 

nerves and that CPAP improved the amplitude of action potentials.144

A cross-sectional study found that patients with OSA and T2D were 

more likely to have DN (OR 2.82, 95 % CI 1.44–5.52) and foot insensitivity 

(OR 3.97, 95 % CI 1.80–8.74 ) compared with those with T2D but without 

OSA after adjustment for a large number of potential confounders.86

Obstructive Sleep Apnoea and  
Erectile Dysfunction
Erectile dysfunction has been recognised as a risk factor for CVD in 

patients with145 and without T2D.146 In addition, many CVD risk factors are 

known to cause erectile dysfunction.147 OSA and erectile dysfunction 

share many risk factors such as older age, obesity and T2D among 

others and hence it is not surprising that OSA is common in patients 

with erectile dysfunction and vice versa.147 Several population- and 

clinic-based studies showed that erectile dysfunction was associated 

with OSA and that erectile dysfunction severity was associated with the 

severity of OSA and the nocturnal hypoxaemia.147 Many of these studies 

used less than gold standard methods to assess erectile dysfunction 

including self-reported outcomes.147 

However, the causality between OSA and erectile dysfunction cannot 

be proved due to the lack of longitudinal studies and the lack of 

convincing data from RCTs.147

Impact of Continuous Positive Airway Pressure
In one small RCT (n=27), 1 month of CPAP improved erectile function 

(assessed by the 5 item international index of erectile function) compared 

with the control group;148 but the control group in this study was no 

treatment rather than sham CPAP and hence it is difficult to draw 

conclusions as the study outcome was self-reported and the study was 

not blinded.147 Other uncontrolled and observational studies suggested 

beneficial effects of CPAP on erectile dysfunction. However, RCTs 

comparing the effect of CPAP to sildenafil showed that both improved 

erectile function but sildenafil was superior.147,149–151

There are no RCTs that assessed the impact of CPAP on erectile 

dysfunction in patients with T2D but one uncontrolled study showed that 

CPAP for 3 months had no effect on sexual function in 35 men with T2D.152

Obstructive Sleep Apnoea and Quality of Life 
Several studies found a cross-sectional association between OSA, OSA 

severity and worse health-related quality of life (QOL).153 In the Wisconsin 

Sleep Cohort Study and the Sleep Heart Health Study, there was a linear 

association of OSA severity with decrements on the eight Short Form 

36 (SF-36) scales.87 In another study, patients with OSA had significantly 
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lower SF-36 scores compared with controls; nocturnal hypoxaemia 

and the ESS were independent factors for predicting the total score 

on the SF-36.154 In a recent study, undiagnosed OSA was associated 

with impairments in QOL independent of sleepiness and OSA-related 

comorbidities in men aged <69 years, but not in those ≥70 years old.155

In an uncontrolled clinical trial, OSA was associated with impaired 

QOL (based on SF-36) and 8 weeks of CPAP improved vitality, social 

functioning and mental health.156 The magnitude of improvement was 

related to the baseline QOL impairment rather than OSA severity.156 

Another study found similar results in that 6 months of CPAP improved 

physical health, levels of independence and psychological health using 

the World Health Organization QOL questionnaire.157 However, a recent 

study found that the improvement in QOL following starting CPAP was 

similar in those who were compliant with treatment versus patients 

who were not treatment compliant.158

Summary and Conclusions
OSA is associated with several vascular risk factors including hypertension, 

albuminuria, IR, hyperlipidaemia, erectile dysfunction, increased 

inflammation and endothelial dysfunction. Large epidemiological studies 

have shown that OSA is associated with increased CVD and that 

CPAP might reduce CVD events, but evidence from RCTs is generally 

lacking. OSA has also been associated with chronic kidney disease 

and neuropathy. OSA is common in patients with T2D and, hence, 

understanding the impact of OSA on diabetes-related vascular 

complications is important considering the significant burden of 

these complications. In patients with T2D, a limited number of studies 

showed that OSA is associated with several vascular risk factors such 

as hypertension, IR and endothelial dysfunction. Emerging evidence 

also suggest that OSA is associated with CVD and diabetes-related 

microvascular complications including neuropathy, retinopathy and 

nephropathy in patients with T2D; however, the majority of these studies 

were cross-sectional and interventional studies are lacking. However, 

the limited number of prospective studies suggest a link between OSA 

and the development of CAD, heart failure and CKD and the progression 

of DR. Hence, clinicians should consider screening for OSA due to this 

high prevalence of diabetes and potential contribution to vascular 

disease, but there is a need to conduct larger longitudinal studies and 

adequately powered well-designed RCTs to further understand the role 

of OSA in the pathogenesis and treatment of CVD and diabetes-related 

microvascular complications. n
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