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• Sleep and metabolism 

• Obstructive sleep apnea (OSA) 

• OSA and type-2 diabetes 

• The modern treatment of OSA – impact 



Our Health 

• Our comprehensive well-being is based on regular 
physical activity, healthy eating and restoring sleep.  
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Why we sleep 

 no accepted universal theory  
 

Vital function of sleep 

 repair of cell damage 

 memory and cognitive function 

 supplementation of brain cell energy storage 

 clearance of brain metabolites 

 

Consequences of sleep deprivation 

 stress mechanisms  

 subclinical inflammation  

 glucose- and lipid metabolism  

 immune system  

 appetite  

 mood and motivation 

Significance of sleep 
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Prediction of mental exhaustion 

 

Mental exhaustion 

Disturbed sleep 

Overtime 
1-16 h/w 

Exercise 

Low social  
support 

Snoring 

Woman 

Demands at 
work 

Continued  
thoughts 

4,90 
0,70 

0,65 

1,65 2,08 
2,12 

2,19 

2,52 

No relation to: children, age, or level of education 



Average sleep length globally 

Worldwide  around  6 - 7h 



Average sleep length globally 

Worldwide  around  6 - 7h 



Immediate consequences of sleep deprivation 



Risk of death 

associated with  

short duration of sleep 

compared to the 

reference group in 25 

population cohorts from 

15 published 

prospective studies 

including 1,381,324 

participants and 

112,163 events  

 



Risk of death associated 

with long duration of 

sleep compared to the 

reference group in 27 

population cohorts from 

16 published prospective 

studies including 

1,382,999 participants 

and 112,566 events  

 



Mortality and OSA  

Figure 2: Total mortality (A), cardiovascular mortality (B) and non-cardiovascular mortality (C). 

Patients with moderate to severe sleep apnea showed significantly higher mortality than the patients 

with normal recordings. All cases were followed at least 12 years and 10 months, the longest 

follow-up time being  17.2 years. 

•Muraja-Murro A., Sleep Breath 2013 



OSA and cardiovascular diseases 

• OSA in 83% of patients with hypertension1 

– poor response to antihypertension treament  

• OSA in 76% patients with heart failure2 

• OSA in 62% patients with atrial flimmer3 

• OSA OR 5.16 for stroke4 
 

1 Logan et al. Hypertension 2001 
2 Oldenburg et al. Eur J Heart Fail 2007 
3 Stevenson et al. Eur Heart J 2010 
4 Capampangan et al. Neurologist 2010 

 



Long-term consequences of sleep debt 

 

• Sleep deprivation  central obesity, type-2 diabetes and 
metabolic syndrome 

 

• Epidemiological and laboratory studies  
• [1] Spiegel ym. Lancet 1999; 354: 1435-1439, [2] Spiegel ym. J Clin Endocrinol Metab 2004; 

89: 5762-5771, [3] Knutson ym. Sleep Med Rev 2007; 11: 163-178, [4] Fogelholm ym. Int J 
Obes 2007; 31: 1713-1721, [5] Tuomilehto ym. Sleep Med 2008; 9: 221-227,        [6] 
Tuomilehto ym. Diabetes Obes Metab 2008; 10: 468-475.  
 
 

• Two or three nights’ consecutive wakefullness or partial ≥6 nights sleep debt 

   glucose tolerance     ,insulin resistance     visceral fat 

 

 



 Sleep disorders are major burden – insomnia, 

sleep apnea and sleep medication 

 

40% 

30% 

20% 

Office visits  

1999-2010 

• OSA +442% (5.8 mi) 

• Other disorders

 +266% (12.1 mi) 

• Sleep medication 

+293% (20.8 mi) 

• benzodiazepine  

+430% 

 

 



Obstructive sleep apnea 

 





Classification of OSA 

• Sleep recording - mandatory 

• Apnea-Hypopnea Index (AHI) events/h 

Mild 

Moderate 

Severe >30 

15-30 

5-15 

10% 

30% 

60% 

Severity Proportion 



• Obstructive sleep apnea (OSA) 

– OSAS 2-4% of population 

 

 

 

 

How common is OSA? 

•80-90% undiagnosed 



OSA – risk factors 

• Obesity is most important single risk factor (Wolk et al 2003) 

• Approximately 70% of OSA patients are obese (Malhotra and White 
2002) 

 

 



OSA and obesity – vicious cycle 



• Snoring 

• Breathing pauses 

• Nocturia 

• Submental space 

• Occlusion (over-jet)  

• Obesity 

• Central obesity 

• Gender 

• Age 

• Daytime sleepiness?! 

– young adults!!?? 

 

How to suspect OSA? 



OSA has natural tendency to worsen… 

Berger et al. Eur Respir J 2009;33:338-45  



OSA and type-2 diabetes  



Type-2 diabetes in OSA - Prevalence 

40% 



OSA and type-2 diabetes - incidence 

• A recent study demonstrated that even after controlling for 
multiple confounders, initial OSA severity and its 
physiologic consequences predicted up to 30% higher risk 
for incident diabetes.  

 

 

 

Kendzerska T, Gershon A, Hawker G, Tomlinson G, Leung R.  Obstructive Sleep Apnea and Incident 
Diabetes: A Historical Cohort Study. Am J Respir Crit Care Med Jun 2014, Epub. 



OSA and type 2 diabetes - mechanism 

 



OSA in people with type-2 diabetes 

•Pamidi et al. 2010 

75% 



The impact of OSA on glycaemic 

control in type-2 diabetes 

Aronsohn et al. 2010 



• Synergistic and possibly additive!! 
Pack A. 2009 

Obesity, 

Diabetes 

Obstructive  

sleep apnea 

Cardiovascular  

disease 



OSA and type 2 diabetes – problem? 

• Most patients with type-2 diabetes have OSA 

• Most patients are undetected and untreated 

– for type-2 diabetes or OSA or both 

• In patients with type-2 diabetes untreated OSA leads to 

unsatisfactory glycaemic control 

• Both diseases are independent risk factors for CVD 

• VERY HIGH RISK OF CVD – type-2 diabetes with OSA 

• Economically expensive 

 



 

  

Treatment of severe OSA:  

Continuous positive airway pressure - CPAP 



Mortality and CPAP 

Marin JM et al. 

 Lancet. 2005;365:1046-53. 



The impact of treating OSA in diabetics 



Progression of the disease 
The mean AHI at the 5-year visit 

was 6.3 in patients with 

successful weight reduction and 

14.6 in patients with 

unsuccessful weight reduction, 

(P=0.001). 

 
Successful weight loss group 
2 participants to moderate OSA 
 
Unsuccessful weight loss group 
18 to moderate OSA  
2 to severe OSA 

  Weight loss as a treatment of OSA – Sustained 5% weight loss 

Tuomilehto et al. JAMA Intern Med 2013 

Tuomilehto et al. Sleep Med 2014 

Risk reduction  

80% 



 5% weight loss – additional metabolic benefits 

!  


