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GeneticsGenetics in SAHSin SAHS

•• SAHS: 1p, 2p, 12p, 19pSAHS: 1p, 2p, 12p, 19p

•• ObesityObesity: 2p, 7p, 12p: 2p, 7p, 12p

Candidate chromosomes:

Palmer et al, Am J Hum Genet 2003



3

GeneticsGenetics in SAHSin SAHS

•• SAHS: 8qSAHS: 8q

•• ObesityObesity: 4q, 8q: 4q, 8q

Candidate chromosomes in 
African-American:

Palmer et al, AJRCCM 2004
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GeneticsGenetics in OSASin OSAS

Positive association
Apo E є 4. JAMA 2001

No association
PAI-I (Barceló Res Med 2002)

ACE (Barceló Eur Resp J 2001)

OSAHS and CV diseaseOSAHS and CV disease
Potential MechanismsPotential Mechanisms

•• Metabolic abnormalities (obesity)Metabolic abnormalities (obesity)

•• Increased sympathetic toneIncreased sympathetic tone

•• Oxidative stressOxidative stress

•• Systemic inflammationSystemic inflammation

•• Coagulation abnormalitiesCoagulation abnormalities

•• Endothelial dysfunctionEndothelial dysfunction

•• Genetic backgroundGenetic background
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Metabolic abnormalities in OSAHSMetabolic abnormalities in OSAHS

•• ObesityObesity is a known cardiovascular risk factor often is a known cardiovascular risk factor often 
present in patients with OSAHSpresent in patients with OSAHS

•• Patients with OSAHS show metabolic abnormalities:Patients with OSAHS show metabolic abnormalities:

–– Insulin resistanceInsulin resistance
IpIp et et al, Am J Respir Crit Care Medal, Am J Respir Crit Care Med 02; 165:67002; 165:670--66

Punjabi Punjabi et al, Am J Respir Crit Care Medet al, Am J Respir Crit Care Med 02; 165: 67702; 165: 677--8282
BarcelBarcelóó et al, Am J Medet al, Am J Med 0404

–– Increased plasma leptin levelsIncreased plasma leptin levels
Chin Chin et al, Circulationet al, Circulation 99; 100: 70699; 100: 706--12 12 

IpIp et al, Chestet al, Chest 00; 118: 58000; 118: 580--66

Increased sympathetic activity in Increased sympathetic activity in OSAHSOSAHS

•• Fletcher et al, Fletcher et al, SleepSleep 1987; 10:351987; 10:35--4444

•• Carlson et al, Carlson et al, ChestChest 1993; 103: 17631993; 103: 1763--88

•• NarkiewiczNarkiewicz et al, et al, CirculationCirculation 1999; 100: 23321999; 100: 2332--55

•• HeitmannHeitmann et al, et al, EurEur Respir JRespir J 2004; 23: 2552004; 23: 255--6262

Increased sympathetic activity in Increased sympathetic activity in obesityobesity

•• SpraulSpraul et al, et al, J J ClinClin InvestInvest 1993; 92: 17301993; 92: 1730--5 5 

•• ScherrerScherrer et al, et al, CirculationCirculation 1994; 89: 26341994; 89: 2634--40 40 

•• GrassiGrassi et al, et al, HypertensionHypertension 1995; 25: 5601995; 25: 560--33

•• AlvarezAlvarez et al, et al, CirculationCirculation 2002; 106: 25332002; 106: 2533--66
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SYMPATHETIC ACTIVITY MARKERSSYMPATHETIC ACTIVITY MARKERS

•• NOREPINEPHRINENOREPINEPHRINE

•• NEUROPEPTIDE YNEUROPEPTIDE Y

Gullestad et al, Circulation 2000

NEUROPEPTIDE YNEUROPEPTIDE Y

SchwartzSchwartz andand SeeleySeeley, N , N EnglEngl J J MedMed, 97; 336(25), 97; 336(25)
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NeuropeptideNeuropeptide Y and Leptin in Patients with OSAHS: Role of ObesityY and Leptin in Patients with OSAHS: Role of Obesity
BarceloBarcelo A A et al. AJRCCM et al. AJRCCM 2005; 171: 1832005; 171: 183--77
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NeuropeptideNeuropeptide Y and Leptin in Patients with OSAHS: Role of ObesityY and Leptin in Patients with OSAHS: Role of Obesity
BarceloBarcelo A A et al. AJRCCM et al. AJRCCM 2005; 171: 1832005; 171: 183--77
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ROS

Adhesion molecule
expression

VSMC growth

Apoptosis

Lipid oxidation

Altered
vasomotion

MMP activation

Oxidative stress and cardiovascular risk

Harrison et al; Am J Cardiol 03, 91: 7A-11A

OSA
hypoxemia

hypoxia-reoxigenation

1112. Zou MH, Shi C, and Cohen RA. Oxidation of the zinc-thiolatecomplex and uncoupling
of endothelial nitric oxide synthase byperoxynitrite. J Clin Invest 109: 817–826, 2002.

Role of oxidative modifications in atherosclerosis.

Stocker R, Keaney JF Jr.

Physiol Rev. 2004 Oct;84(4):1381-478.
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•• DirectDirect markersmarkers::

•• IndirectIndirect markersmarkers::

Oxidative stress and OSA

-Increased ROS production
-Increased plasma lipid peroxidation

- Activation of redox sensitive gene expression:
VEGF, endothelin

- Reduced NO availability
- Hyperhomocysteinaemia
- Reduced levels of antioxidants

• Increased ROS productionIncreased ROS production
Schultz Schultz et al.et al. AJRCCM AJRCCM 00; 162: 56600; 162: 566--70  70  

DyugovskayaDyugovskaya et al. AJRCCM et al. AJRCCM 02; 165: 93402; 165: 934--99

•• Lipoprotein oxidationLipoprotein oxidation
SaarelainenSaarelainen et al. et al. ClinClin ChemChem Lab Med Lab Med 99; 37:51799; 37:517--2020

BarcelBarcelóó et al. et al. EurEur Respir JRespir J 00; 16: 64400; 16: 644--4747

•• Plasma Plasma homocisteinhomocistein levelslevels
LavieLavie et al. Chestet al. Chest 01; 120: 90001; 120: 900--908908

Oxidative stress in OSAHSOxidative stress in OSAHS
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Abnormal lipid Abnormal lipid peroxidationperoxidation in patients with OSAHSin patients with OSAHS
BarcelBarcelóó A A et al. et al. EurEur Respir J. Respir J. 2000; 16: 6442000; 16: 644--77

Antioxidant status in patients with sleep apnoea and
impact of continuous positive airway pressure

treatment. 

A. Barceló, F. Barbé, M. de la Peña, M. Vila, G. Pérez, J. 
Piérola, J. Duran and A.G.N. Agustí´

Eur Respir J 2006; 27: 756–760
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1.401.40±±0.020.02**1.501.50±±0.020.02TAS TAS ((mmolmmol/L)/L)

OSAOSA

(n=47)(n=47)

ControlsControls

(n=37)(n=37)

10.810.8±±0.60.611.811.8±±11HcyHcy ((nmolnmol/L)/L)

501501±±8181474474±±5151VitVit B12 B12 ((pgpg/mL)/mL)

10.110.1±±0.50.59.59.5±±0.60.6FolicFolic acac ((ngng/mL)/mL)

15251525±±7373**17741774±±8585VitVit E E ((ugug/dL)/dL)

6464±±33**7474±±33VitVit A A ((ugug/dL)/dL)

4242±±3.33.3**3232±±2.92.9GGT GGT (U/L)(U/L)

844844±±1919798798±±1919GPX GPX (U/L)(U/L)

OXIDATIVE STRESSOXIDATIVE STRESS
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Sex Differences in Susceptibility to Oxidative
Injury and Sleepiness From Intermittent

Hypoxia

Benjamin Sanfilippo-Cohn1; Saien Lai1; Guanxia Zhan MD1; 
Polina Fenik MS1; Domenico Pratico PhD2; Emilio Mazza

MD, PhD1; Sigrid C Veasey, MD.

SLEEP 2006;29(2): 152-159.



15

Sanfilippo-Cohn Sleep 2006;29:152

EDS
n = 24

No EDS
n = 21

p value

TST (min) 401 ± 41 379 ± 61 ns

Sleep latency 
(min)

11 ± 16 18 ± 16 0.03

Sleep 
efficiency (%)

90 ± 7 83 ± 12 0.03

Awake (min) 37 ± 29 63 ± 51 0.04

Arousal index 64±21 60±23 ns

Respiratory 
arousals

58 ± 20 53 ±23 ns

Phase 1 + 2 
(%)

80±13 75±12 ns

Phase 3 + 4 
(%)

7±9 9±6 ns

REM (%) 13 ± 6 15 ± 7 ns

Min Sat (%) 69 ± 12 78 ± 10 0.007

Mean Sat (%) 86 ± 6 90 ± 5 0.03

Somnolencia diurna y polisomnografia

O Mediano ERJ 2007
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•• AbnormalAbnormal lipidlipid peroxidationperoxidation

•• ReducedReduced antioxidantantioxidant defensesdefenses

•• CPAP CPAP treatmenttreatment: : benefitbenefit onon oxidativeoxidative statestate

•• EffectsEffects of of antioxidantsantioxidants onon cardiovascular cardiovascular 
morbiditymorbidity. Sex may be . Sex may be importantimportant..

Oxidative stress and OSA

Antecedents

Diagnosed OSA
Patient 
characteristics:
Body habitus
Smoking status
Exercise, etc.

Outcomes

↑ End. dysfunction
↑ CVD events
Poorer cognitive status

Mediators
↓ NO release
↑ Cytokine
release (e.g.IL-6) 
↑ CRP 
↓ Leptin 
regulation
↑ Homocysteine

Hypothetical model of OSA pathophysiology.
Carol M. Baldwin, SMR 2005
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Antecedents

Diagnosed OSA
Patient 
characteristics:
Body habitus
Smoking status
Exercise, etc.

Outcomes

↑ End. dysfunction
↑ CVD events
Poorer cognitive status

Mediators
↓ NO release
↑ Cytokine
release (e.g.IL-6) 
↑ CRP 
↓ Leptin 
regulation
↑ Homocysteine

Hypothetical model of OSA pathophysiology.

Moderators
Antioxidant nutrient (↑ fruit or 
vegetable) and/or supplement intake 
(e.g., folate, B12, B6, C, and E)

Carol M. Baldwin, SMR 2005

Controls
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Patients

•• Positive association Positive association 
ShamsuzzamanShamsuzzaman et al. et al. CirculationCirculation 2002; 105: 24622002; 105: 2462--4 4 

YokoeYokoe et al. et al. CirculationCirculation 2003; 107: 11292003; 107: 1129--3434

•• No associationNo association
Chin K et al. Chin K et al. Am J MedAm J Med 2000; 109: 5622000; 109: 562--77

CC--reactive protein and reactive protein and OSAHSOSAHS

•• VisserVisser et al. et al. JAMAJAMA 1999; 282: 21311999; 282: 2131--55

•• FrFröölichlich et al. et al. Diabetes Diabetes CareCare 2000; 3: 18352000; 3: 1835--99

•• Escobar et al. Escobar et al. DiabetologiaDiabetologia 2003; 46: 6252003; 46: 625--3333

•• AronsonAronson et al. et al. IntInt J J ObesObes RelatRelat MetabMetab 2004; 28: 674 2004; 28: 674 

CC--reactive protein and reactive protein and obesityobesity
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Effects of obesity on CEffects of obesity on C--reactive protein level and metabolic reactive protein level and metabolic 
disturbances in male patients with OSAHSdisturbances in male patients with OSAHS

BarceloBarcelo A A et al.  Am.J Medet al.  Am.J Med 2004; 117: 1182004; 117: 118--2121

*
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Coagulation abnormalities in OSAHSCoagulation abnormalities in OSAHS

•• Increased Platelet AggregationIncreased Platelet Aggregation
–– BokinskyBokinsky et al. Chestet al. Chest 95; 108: 62595; 108: 625--3030
–– EisensehrEisensehr et al. Neurologyet al. Neurology 98; 51: 18898; 51: 188--9595
–– SannerSanner et alet al. . EurEur Respir JRespir J 00; 16: 64800; 16: 648--5252
–– GeiserGeiser et al.et al. RespirationRespiration 02; 69: 22902; 69: 229--3434

•• Increased Fibrinogen & Factor Vii LevelsIncreased Fibrinogen & Factor Vii Levels
–– Chin K Chin K et al. AJRCCMet al. AJRCCM 96; 153: 197296; 153: 1972--7676
–– WessendorfWessendorf T T et al. AJRCCMet al. AJRCCM 00;162: 203900;162: 2039--4242
–– Chin K Chin K et al. QJMet al. QJM 98; 91(9): 62798; 91(9): 627--3333

•• Abnormal Abnormal FibrinolysisFibrinolysis
–– RangermakRangermak et al. Sleepet al. Sleep 95; 18:18895; 18:188--9494
–– von von KanelKanel et al. J Hypertension et al. J Hypertension 01; 19:144501; 19:1445--5151
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Endothelial dysfunction in OSAHSEndothelial dysfunction in OSAHS

•• NitricNitric OxideOxide
IpIp et al. et al. AmAm J Respir Crit J Respir Crit CareCare MedMed 2000; 162: 21662000; 162: 2166--7171

SchulzSchulz et al. et al. ThoraxThorax 2000; 55: 10462000; 55: 1046--5151

LavieLavie et al. J et al. J MolMol NeurosciNeurosci 2003; 21: 572003; 21: 57--6464

•• EndothelinEndothelin--11
SaarelainenSaarelainen et al. et al. EndotheliumEndothelium 1997; 5: 1151997; 5: 115--88

PhillipsPhillips et al. J Hypertens 1999; 17: 61et al. J Hypertens 1999; 17: 61--66

Endothelial function in OSAHS and response to treatmentEndothelial function in OSAHS and response to treatment
IpIp MS MS et al. AJRCCM et al. AJRCCM 2004; 169: 3482004; 169: 348--5353
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• Imagawa et al. Blood 2001; 98: 1255-7
• Schulz et al. AJRCCM 2002; 165: 67-70
• Gozal et al. Sleep 2002; 25: 59-65
• Lavie et al. AJRCCM 2002; 165: 1624-8
• Teramoto et al. Intern Med 2003; 42: 681-5

Increased circulating levels of VEGF in OSAHSIncreased circulating levels of VEGF in OSAHS

Szmitko et al. Circulation 03; 108: 1917-23
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… it is probably simplistic to link intermittent hypoxaemia in 
obstructive sleep apnoea to cardiovascular endpoints as a 
direct cause–effect relationship.

Certain obstructive sleep apnoea patients may will be more 
susceptible to cardiovascular disease, and methods for the 
detection of these patients need to be developed.

Obstructive sleep apnoea: time for a radical 
change? 

C.L. Phillips, and R.R. Grunstein. Eur Respir J 2006

Large intervention studies will be required that are 
beyond the resources of one centre and will require
multinational initiatives. 

Such studies may include factorial designs with
continuous positive airway pressure, sham continuous 
positive airway pressure and, indeed, dietary antioxidant
supplementation, and collect data on genetic factors.

Obstructive sleep apnoea: time for a radical 
change? 

C.L. Phillips, and R.R. Grunstein. Eur Respir J 
2006
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.... it is probably time for the sleep apnoea field to move
away from small mechanistic studies and make the 
radical change to implement such a research programme.

Obstructive sleep apnoea: time for a radical 
change? 

C.L. Phillips, and R.R. Grunstein. Eur Respir J 
2006
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