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Obesity is a major risk factor for cardiovascular disease, 
the number one killer of Americans. It is also a major 
risk factor for obstructive sleep apnea, which is rising in 
the US population as the obesity epidemic continues. 
Obstructive sleep apnea, in turn, has been implicated 
as a risk factor for hypertension, glucose dysregula-
tion, and cardiovascular disease. Understanding the 
pathophysiologic links and the common-soil hypoth-
esis for these rapidly growing disorders is of paramount 
importance for developing strategic therapeutic and 
preventive plans. This article discusses the associations 
of obesity, obstructive sleep apnea, and cardiovascular 
disease, highlighting the pathophysiologic mechanisms, 
including increased oxidative stress, endothelial dys-
function, and inflammation.

Introduction
Cardiovascular disease (CVD), the major cause of death 
worldwide, causes more deaths than cancer, influenza, 
and trauma combined [1•]. It is projected to become the 
leading cause of disability globally by the year 2020 [2]. 
Although the incidence of CVD has reached a plateau in 
developed countries, it has been the leading cause of death 
in the United States since 1919 and continues to be a crisis 
of epidemic proportions [1•].

According to American Heart Association estimates, 
CVD affected 79.4 million Americans and was respon-
sible for 36.3% of all deaths in 2004. The economic 
burden of CVD in the United States was estimated to be 
$431.8 billion in 2007. Established risk factors for CVD 

include hypertension, physical inactivity, smoking, high 
blood cholesterol, diabetes mellitus, and obesity [3,4]. 
Obesity is an independent modifiable risk factor for 
CVD that directly affects cardiac function and increases 
the risk of coronary heart disease. Moreover, a modest 
amount of weight loss has been shown to significantly 
improve diastolic function and positively affect the coro-
nary heart disease risk ratio [5].

The enormity of this problem has led to numerous 
public health efforts to curb the burden of CVD by iden-
tifying risk factors and formulating primary prevention 
guidelines. Data from the Nurses’ Health Study demon-
strated that recognition and control of modifiable risk 
factors such as body weight, diet, inactivity, smoking, and 
alcohol can reduce the risk of CVD in women by 84% 
[6]. Moreover, a separate analysis of these data concluded 
that obesity appears to prevent further decline of the inci-
dence of CVD, reinforcing the role of obesity as a major 
risk factor [7].

As a global epidemic, obesity has replaced malnu-
trition and infectious disease as the major contributor 
to sickness in the world [8]. The National Health and 
Nutrition Examination Survey demonstrated that the 
prevalence of overweight or obesity is 65% among US 
adults [9]. The association between obesity and sleep 
apnea has been well known for the past three decades, 
and numerous studies have established the fact that obese 
patients have compromised respiratory function, leading 
to well-recognized symptoms of sleep apnea syndrome 
[10–12]. An independent association also exists between 
sleep-disordered breathing and hypertension as well as 
coronary artery disease [13,14].

This article reviews obesity, sleep apnea, and their 
relation to CVD.

Obesity and Cardiovascular Disease
Obesity is considered to be a group of disorders result-
ing from a constellation of genetic, psychosocial, and 
lifestyle factors [15]. Although the adverse effects of 
obesity have been discussed since Victorian times [16], 
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it was not until 1933 that Smith and Willius [17] pro-
vided the first scientific evidence of obesity as a risk 
factor for cardiac dysfunction, via postmortem exami-
nation of 135 obese subjects

Historically, attempts to define obesity date to 1959, 
when Metropolitan Life Insurance Company produced 
tables indicating the range of weights by height and frame 
size. Since then, the definition of obesity has evolved 
from using 20% above median body weight to body mass 
index (BMI) [18,19]. The World Health Organization and 
National Heart, Lung, and Blood Institute define over-
weight as a BMI of 25 to 29.9 and obesity as a BMI of 30 
or greater [20,21].

The prevalence of obesity in adults (20–74 years of age) 
in the United States has steadily increased from 11% in men 
and 16% in women in the 1960s to 32% in men and 34% 
in women in 2003–2004 [22]. A similar trend has been 
observed in teenagers, with a rise in prevalence from 9.7% 
to 17% over four decades (1966–2004) [22]. Data from 
other countries, including England, Portugal, and China, 
suggest similar, if not larger, increases in the prevalence of 
obesity in adults and teenagers, making it a global issue of 
enormous clinical significance [21,23•,24].

The detrimental effects of obesity arise from its 
association with many diseases that contribute to CVD, 
especially dyslipidemia, hypertension, left ventricular 
hypertrophy, obstructive sleep apnea (OSA), atheroscle-
rosis, and diabetes [25]. The strong clinical association 
between obesity and atherogenic dyslipidemia is char-
acterized by increased production of very-low-density 
lipoprotein, high triglycerides, low levels of high-den-
sity lipoprotein cholesterol, and enhanced cholesterol 
synthesis, all leading to increased risk of coronary 
heart disease [26].

Obesity is a well-known risk factor for hypertension 
in adults and children. Lurbe et al. [27] demonstrated a 
positive correlation between systolic blood pressure and 
BMI among children and adolescents. The Muscatine 
Study demonstrated a similar relationship between 
blood pressure and BMI in adults [28]. There is a direct 
relationship between weight loss and blood pressure: 
the greater the weight loss, the greater the improvement 
in blood pressure [29].

Several mechanisms are postulated in the pathogenesis 
of obesity-related hypertension, including alterations in 
renal function and structure; adrenergic overactivity due 
to biochemical, neurochemical, and hormonal mediators; 
activation of the renin-angiotensin-aldosterone system; 
and genetic mechanisms. El-Atat et al. [30] provide an in-
depth review of these mechanisms.

In obesity, the increased cardiac output and decreased 
peripheral vascular resistance result in the development of 
elevated ventricular filling pressures, thereby causing dia-
stolic dysfunction and left ventricular hypertrophy [31]. 
Strong clinical evidence has established left ventricular 
hypertrophy as an independent predictor of CVD and 

sudden death in adults [26]. Moreover, increasing BMI 
is a risk factor for right ventricular dysfunction, indepen-
dent of sleep apnea and underlying heart disease [32].

Childhood obesity is a strong predictor of adult 
obesity as well as CVD morbidity and mortality. Fur-
thermore, CVD mortality in adults is directly related to 
BMI. Long-term studies have demonstrated that obesity 
enhances the progression and severity of atherosclerosis 
[33]. The precise pathophysiologic mechanisms leading 
to enhanced atherosclerosis in obesity are incompletely 
understood; however, mechanisms such as inflammation 
and oxidative stress have been extensively studied and 
found to be contributory.

The atherosclerotic effects of obesity come from 
adipose tissue, which is a dynamic organ producing a 
variety of mediators, including tumor necrosis factor- ,
interleukin-6, interleukin-1 , adiponectin, plasminogen 
activator inhibitor-1, tissue factor, and others [18,34]. 
Production of interleukin-6 by adipose tissue is increased 
in obese individuals, resulting in elevated free fatty acid 
and hepatic C-reactive protein levels. Recent data suggest 
a direct atherogenic role of C-reactive protein at the endo-
thelial level. Additionally, these mediators target the liver, 
resulting in increased lipoprotein production, enhancing 
the well-established cascade of lipoprotein-mediated ath-
erogenesis. Adipose tissue–derived mediators have been 
shown to disrupt vessel wall homeostasis by altering gene 
expression in endothelial cells, arterial smooth muscle 
cells, and monocytes/macrophages [34]. Collectively, 
these mediators secreted by adipose tissue result in pro-
gression of atherosclerosis to plaque rupture, leading to 
acute coronary syndrome.

Another mechanism by which obesity leads to ath-
erosclerosis is oxidative stress. Strong clinical evidence 
demonstrates increased levels of oxidative stress in obe-
sity. Obesity is known to be associated with increased 
asymmetric dimethylarginine concentrations, resulting 
in endothelial nitric oxide synthase dysfunction and 
decreased endothelial nitric oxide, thus leading to endo-
thelial dysfunction, which is not only an early marker but 
a trigger of atherosclerosis [35].

The relationship between obesity and atherosclerosis 
is further strengthened by several clinical studies estab-
lishing a positive linear correlation between the two. The 
Bogalusa Study reported a direct relationship between 
BMI and fatty streaks in the coronary arteries in 15- to 
24-year-old men, independent of other CVD risk factors 
[26]. Mahoney et al. [36] reported increasing coronary 
artery calcification in young adults in direct association 
with weight in childhood, BMI in young adulthood, and 
BMI at the time of the study. Furthermore, there is grow-
ing evidence linking premature endothelial dysfunction 
to obesity in children. Studies have shown a significant 
clinical relationship between development of early fatty 
streaks, carotid intimal thickening, and fibrous plaques in 
severely obese children [37•].
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In addition to being an independent risk factor, obe-
sity is a major contributor to other pathological states, 
such as metabolic syndrome, insulin resistance, diabetes, 
and OSA, all of which are independent cardiovascular 
risk factors.

New mediators such as resistin and leptin recently 
have surfaced as contributors to obesity-associated athero-
sclerosis. Further research on these and previously known 
mechanisms is required to help us understand the patho-
physiology of obesity-associated endothelial dysfunction.

Obstructive Sleep Apnea and 
Cardiovascular Disease
The word “apnea” is defined as cessation of breathing. 
In the field of medicine, it has been arbitrarily defined 
as a cessation lasting more than 10 seconds. In 1966, 
Gastaut et al. [38] identified the first case of OSA—based 
on polygraphic study—that led to the differentiation of 
apnea into three types: obstructive, central, and mixed. 
Obstructive apnea is the result of cessation of airflow in 
the presence of persistent chest wall movement [38].

In a widely cited study, Young et al. [39] reported in 
1993 that about 12 million men and 6 million women 
are affected by OSA in North America. However, the 
accuracy and applicability of these statistics is debat-
able. Primarily, the prevalence of obesity, a principal 
risk factor for OSA, has increased markedly since the 
study was published. Moreover, the authors applied 
the Epworth Sleepiness Score (ESS) as an assessment 
tool, but the Sleep Heart Health Study showed that the 
apnea-hypopnea index (AHI), which is used to diag-
nose and stratify OSA, does not correlate well with the 
ESS [40]. It is now established that limitation based on 
the ESS is inappropriate, because patients with an ESS 
below 10 may have other important symptoms, such 
as nonrestorative sleep and fatigue, that warrant fur-
ther investigation by polysomnography. Furthermore, 
greater AHI values would be expected if Young et al. 
[39] repeated their study today using nasal pressure 
technology, which has largely replaced and is more sen-
sitive than a thermistor.

It is difficult to estimate the current prevalence of OSA 
because differences in reference standards, dissimilarities 
in equipment, and other factors bring into question the 

validity of epidemiologic data. This results in many undi-
agnosed cases of OSA [41,42].

Considerable evidence has emerged over the past 
two decades implicating OSA as a comorbid condition 
in a number of CVDs (Table 1). Several mechanisms are 
implicated in the pathogenesis of OSA-mediated CVD 
progression, including oxidative stress, endothelial dys-
function, inflammatory response, adrenergic activity, 
metabolic derangements, production of vasoactive sub-
stances, and changes in intrathoracic pressure (Fig. 1).

Although early data were inconsistent, recent studies 
have documented a strong association between OSA and 
increased markers of oxidative stress [43]. In patients 
with OSA, the increased frequency of nocturnal hypox-
emia and reperfusion leads to increased production of 
free radicals, with consequent injury to cardiovascular 
tissue [44]. Endothelial dysfunction, a direct consequence 
of free radical–mediated injury [34], is also enhanced in 
OSA. Although several studies [45–47] demonstrate that 
this dysfunction is reversed by use of nasal continuous 
positive airway pressure (CPAP), the overall data remain 
inconclusive [48]. Similarly, inflammatory and vasoactive 
mediators are implicated in the pathophysiology of OSA-
mediated CVD progression, as evidenced by increased 
C-reactive protein, adhesion molecules, cytokines, and 
endothelin levels in patients with OSA [49–51].

In patients with OSA, episodes of sleep apnea result 
in hypoxemia and hypercapnia, which synergistically lead 
to increased sympathetic nerve flow, resulting in develop-
ment of heart and blood vessel injury [52]. Additionally, 
patients with OSA have consistently shown metabolic 
dysregulations characterized by increased leptin levels and 
insulin resistance, leading to CVD progression [53,54]. 
Another underlying mechanism is the negative pressure 
generated during sleep apnea that leads to considerable 
pressure gradient and resultant increased cardiac wall 
strain, which may be a cardinal feature in the develop-
ment of atrial fibrillation [55].

Several studies have demonstrated these OSA-mediated 
mechanisms to be the key factors in the development of 
CVDs such as hypertension, arrhythmias, atrial fibrillation, 
stroke, heart failure, and ischemic heart disease (Table 1). 
Furthermore, treatment of OSA has been shown to improve 
these underlying cardiovascular conditions [56].

Long-term prospective studies have shown OSA to 
be independently linked with a threefold increase in the 
incidence of hypertension as compared with healthy sub-
jects [57]. Moreover, treatment of OSA consistently has 
resulted in a significant decrease in blood pressure [58]. 
The significance of OSA in the context of hypertension is 
highlighted by its enlistment as the first treatable cause of 
hypertension by the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure.

The prevalence of OSA is remarkably high in patients 
with atrial fibrillation. The risk arises from its association 

Table 1. Cardiovascular diseases associated with 
obstructive sleep apnea

Hypertension

Atrial fibrillation

Bradyarrhythmia

Stroke

Heart failure

Ischemic heart disease
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with negative intrathoracic pressure, hypoxemia, fluctua-
tions in blood pressure, and sympathetic activation. This 
may also account for the significantly higher rate of recur-
rent atrial fibrillation after cardioversion in patients with 
untreated OSA. Furthermore, Gami et al. [59] found that 
the presence of OSA predicts the development of atrial 
fibrillation after coronary artery bypass graft surgery. OSA 
also has been linked to arrhythmias, specifically bradyar-
rhythmias. The underlying mechanism is the activation of 
the peripheral sympathetic system sparing the brain and the 
heart, leading to coronary and cerebral vasodilation along 
with increased vagal tone causing bradycardia. The rela-
tionship between OSA and bradyarrhythmia is strong, but 
the link between OSA and ventricular arrhythmia remains 
unclear because of a lack of well-designed studies.

The 5-year mortality in patients with established 
coronary artery disease and OSA is considerably higher 
than in patients with coronary artery disease without 
OSA. Evidence also suggests that angina is more frequent 
in patients with severe OSA [60]. Additionally, 14% to 
65% of patients with OSA are found to have coronary 
artery disease. An independent association exists between 
OSA and development of myocardial ischemia in middle-
aged men that is reversed on treatment with CPAP [61•]. 
Furthermore, coronary artery calcium score, a strong 
predictor for occlusive coronary artery disease, is directly 
proportional to the severity of OSA in patients with end-
stage renal disease, enhancing the association between 
OSA and coronary artery disease [62]. Although OSA has 
not been clearly implicated as an independent risk factor 
for stroke, OSA has an increased prevalence in patients 
with stroke and is a predictor of adverse outcomes [63]. 
Even though OSA only accounts for about 10% of sleep-
disordered breathing in patients with heart failure, its 
impact is remarkable as suggested by studies demonstrat-
ing improvement in ejection fraction with CPAP [64].

Although epidemiologic conundrums exist that must 
be solved to understand the relationship between OSA 
and CVD, it is established that treatment with CPAP, at 

least in smaller trials, results in reversal or stabilization of 
the cardiovascular risk. It is hoped that current larger tri-
als specifically targeting cardiac outcomes will soon lead 
to an unambiguous picture.

Conclusions
As the obesity epidemic continues to rise, the incidence and 
prevalence of OSA is also increasing. Accumulating evi-
dence implicates OSA in the pathogenesis of hypertension, 
stroke, atrial fibrillation, heart failure, and CVD. Increased 
oxidative stress appears to play a major role in the patho-
genesis of OSA together with increased inflammation, 
adrenergic activity, endothelial dysfunction, and insulin 
resistance. Treatment of sleep apnea and control of obesity 
appears to be the prudent strategy in this growing patient 
population. Further research is needed in sleep apnea to 
assess the effect of various interventions on the incidence of 
associated morbidities, particularly cardiovascular events.

Disclosures
Dr. McFarlane is supported by grant 7-05-RA-89 from the American 

Diabetes Association.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1.• Callow AD: Cardiovascular disease 2005--the global 
picture. Vascul Pharmacol 2006, 45:302–307.

Excellent epidemiologic and economic review of the global impact 
of cardiovascular disease.
2. Murray CJL, Lopez AD: The Global Burden of Disease and 

Injury Series, vol 1. Cambridge, MA: Harvard University 
Press; 1996.

3. American Heart Association: Heart Disease and Stroke 
Statistics—2007 Update. Dallas, TX: American Heart 
Association; 2007.

Obesity

Oxidative stress:
ROS

Sympathetic drive

Endothelial dysfunction Cardiovascular riskInflammation

Intermittent
hypoxemia/hypercapnia

Variations in chest 
wall pressure

Metabolic derangements:
• Insulin resistance
• Leptin levels

Obstructive sleep apnea

Figure 1. Obstructive sleep apnea and cardiovascular risk mediators. ROS—reactive oxygen species.



Obesity, Obstructive Sleep Apnea, and Cardiovascular Risk Iqbal et al. 105

4. Kannel WB, Castelli WP, Gordon T, McNamara PM: Serum 
cholesterol, lipoproteins, and the risk of coronary artery dis-
ease: the Framingham Study. Ann Intern Med 1971, 74:1–12.

5. Klein S, Burke LE, Bray GA, et al.: Clinical implications 
of obesity with specific focus on cardiovascular disease. 
A statement for professionals from the American Heart 
Association Council on Nutrition, Physical Activity, and 
Metabolism. Circulation 2004, 110:2952–2967.

6. Stampfer MJ, Hu FB, Manson JE, et al.: Primary prevention of 
coronary heart disease in women through diet and lifestyle. 
N Engl J Med 2000, 343:16–22.

7. Hu FB, Stampfer MJ, Manson JE, et al.: Trends in the 
incidence of coronary heart disease and changes in diet and 
lifestyle in women. N Engl J Med 2000, 343:530–537.

8. Kopelman PG: Obesity as a medical problem. Nature 2000, 
404:635–643.

9. Hedley AA, Ogden CL, Johnson CL, et al.: Prevalence of 
overweight and obesity among US children, adolescents, 
and adults, 1999-2002. JAMA 2004, 291:2847–2850.

10. Wittels EH: Obesity and hormonal factors in sleep and 
sleep apnea. Med Clin North Am 1985, 69:1265–1280.

11. Kryger MH: Restrictive lung diseases. In: Principles 
and Practice of Sleep Medicine, edn 2. Edited by Kryger 
MH, Roth T, Dement WC. Philadelphia: WB Saunders; 
1994:769–775.

12. Guilleminault C, Tilkian A, Dement WC: The sleep apnea 
syndrome. Annu Rev Med 1976, 27:465–484.

13. Peppard PE, Young T, Palta M, Skatrud J: Prospective study 
of the association between sleep-disordered breathing and 
hypertension. N Engl J Med 2000, 342:178–184.

14. Peker Y, Kraiczi H, Hedner J, et al.: An independent 
association between obstructive sleep apnoea and coronary 
artery disease. Eur Respir J 1999, 14:179–184.

15. Muller A, Mulhall JP: Cardiovascular disease, metabolic 
syndrome and erectile dysfunction. Curr Opin Urol 2006, 
16:435–443.

16. Messerli FH: Cardiopathy of obesity--a not-so-Victorian 
disease [editorial]. N Engl J Med 1986, 314:378.

17. Smith HL, Willius FA: Adiposity of the heart. A clinical 
and pathologic study of one hundred and thirty-six obese 
patients. Arch Intern Med 1933, 52:911-931. 

18. Ogden CL, Yanovski SZ, Carroll MD, Flegal KM: 
The epidemiology of obesity. Gastroenterology 2007, 
132:2087–2102.

19. Metropolitan Life Insurance Company: New weight 
standards for men and women. Stat Bull Metrop Insur Co 
1959, 40:1.

20. National Institutes of Health: Clinical Guidelines on the 
Identification, Evaluation, and Treatment of Overweight 
and Obesity in Adults--The Evidence Report. Obes Res 
1998, 6(Suppl 2):51S–209S.

21. World Health Organization: The Global Epidemic of 
Obesity. Geneva: World Health Organization; 1997.

22. Ogden CL, Carroll MD, Curtin LR, et al.: Prevalence of 
overweight and obesity in the United States, 1999-2004. 
JAMA 2006, 295:1549–1555.

23.• Rennie KL, Jebb SA: Prevalence of obesity in Great Britain. 
Obes Rev 2005, 6:11–12.

Up-to-date epidemiologic data on obesity and its impact in 
Great Britain.
24. Padez C, Fernandes T, Mourao I, et al.: Prevalence of 

overweight and obesity in 7-9-year-old Portuguese children: 
trends in body mass index from 1970-2002. Am J Hum Biol 
2004, 16:670–678.

25. Allison DB, Saunders SE: Obesity in North America: 
an overview. Med Clin North Am 2000, 84:305–330.

26. Daniels SR, Arnett DK, Eckel RH, et al.: Overweight in 
children and adolescents. pathophysiology, consequences, 
prevention, and treatment. Circulation 2005, 111:1999–2012.

27. Lurbe E, Alvarez V, Redon J: Obesity, body fat distribution, 
and ambulatory blood pressure in children and adolescents. 
J Clin Hypertens 2001, 3:362–367.

28. Lauer RM, Clarke WR: Childhood risk factors for high 
adult blood pressure: the Muscatine Study. Pediatrics 1989, 
84:633–641.

29. Stevens VJ, Obarzanek E, Cook NR, et al.: Long-term 
weight loss and changes in blood pressure: results of the 
Trials of Hypertension Prevention, phase II. Ann Intern 
Med 2001, 134:1–11.

30. El-Atat F, Aneja A, McFarlane S, Sowers J: Obesity and 
hypertension. Endocrinol Metab Clin North Am 2003, 
32:823–854.

31. Alpert MA, Lambert CR, Panayiotou H, et al.: Relation 
of duration of morbid obesity to left ventricular mass, 
systolic function, and diastolic filling, and effect of weight 
loss. Am J Cardiol 1995, 76:1194–1197.

32. Wong CY, O’Moore-Sullivan T, Leano R, et al.: Association 
of subclinical right ventricular dysfunction with obesity. J Am 
Coll Cardiol 2006, 47:611–616.

33. Kip KE, Marroquin OC, Kelley DE, et al.: Clinical 
importance of obesity versus the metabolic syndrome in 
cardiovascular risk in women: a report from the Women’s 
Ischemia Syndrome Evaluation (WISE) Study. Circulation 
2004, 109:706–713.

34. Fantuzzi G, Mazzone T: Adipose tissue and atherosclerosis: 
exploring the connection. Arterioscler Thromb Vasc Biol 
2007, 27:996–1003.

35. Shah S, Iqbal M, Karam J, et al.: Oxidative stress, glu-
cose metabolism and the prevention of type 2 diabetes: 
pathophysiological insights. Antioxid Redox Signal 2007, 
9:911–929.

36. Mahoney LT, Burns TL, Stanford W, et al.: Coronary risk 
factors measured in childhood and young adult life are 
associated with coronary artery calcification in young 
adults: the Muscatine Study. J Am Coll Cardiol 1996, 
27:277–284.

37.• Tauman R, Gozal D: Obesity and obstructive sleep apnea in 
children. Paediatr Respir Rev 2006, 7:247–259.

Well-written review on obesity in a pediatric population and its associ-
ated diseases, especially OSA, along with potential treatment options.
38. Gastaut H, Tassinari CA, Duron B: Polygraphic study of 

the episodic diurnal and nocturnal (hypnic and respiratory) 
manifestations of the Pickwick syndrome. Brain Res 1966, 
1:167–186.

39. Young T, Palta M, Dempsey J, et al.: The occurrence of 
sleep-disordered breathing among middle-aged adults. N Engl 
J Med 1993, 32:1230–1235.

40. Gottlieb D, Whitney C, Bonekat W, et al.: Relation of sleepi-
ness to respiratory disturbance index: the Sleep Heart Health 
Study. Am J Respir Crit Care Med 1999, 159:502–507.

41. Kripke D, Ancoli-Israel S, Kaluber M, et al.: Prevalence of 
sleep-disordered breathing in ages 40-64 years: a population-
based survey. Sleep 1997, 20:65–76.

42. Neven A, Middlekoop H, Kemp K, et al.: The prevalence 
of clinically significant sleep apneoa syndrome in the 
Netherlands. Thorax 1998, 53:638–642.

43. Carpagnano GE, Kharitonov SA, Resta O, et al.: 8-Isopros-
tane, a marker of oxidative stress, is increased in exhaled 
breath condensate of patients with obstructive sleep apnea 
after night and is reduced by CPAP therapy. Chest 2003, 
124:1386–1392.

44. Yamauchi M, Nakano H, Maekawa J, et al.: Oxidative stress 
in obstructive sleep apnea. Chest 2005, 127:1674–1679.

45. Schultz R, Mahmoudi S, Hattar K, et al: Enhanced release of 
super oxide from polymorphonuclear neutrophils in obstruc-
tive sleep apnea: impact of continuous positive airway pressure 
therapy. Am J Respir Crit Care Med 2000, 162:566–570.

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

47. Ip MS, Lam B, Chan LY, et al: Circulating nitric oxide is 
suppressed in obstructive sleep apnea and is reversed by 
nasal continuous positive airway pressure. Am J Respir Crit 
Care Med 2000, 162:2166–2171.



106 Obesity and Diet

48. Ip MS, Tse HF, Lam B, et al.: Endothelial function in obstruc-
tive sleep apnea and response to treatment. Am J Respir Crit 
Care Med 2003, 169:348–353.

49. Shamsuzzaman AS, Winnicki M, Lanfranchi P, et al.: 
Elevated C-reactive protein in patients with obstructive 
sleep apnea. Circulation 2002, 105:2462–2464.

50. El-Solh AA, Mador MJ, Sikka P, et al.: Adhesion molecules in 
patients with coronary artery disease and moderate-to-severe 
obstructive sleep apnea. Chest 2002, 121:1541–1547.

51. Phillips BG, Narkiewicz K, Pesek CA, et al.: Effects of 
obstructive sleep apnea on endothelin-1 and blood pressure. 
J Hypertens 1999, 17:61–66.

52. Somers VK, Dyken ME, Clary MP, et al.: Sympathetic 
neural mechanisms in obstructive sleep apnea. J Clin Invest 
1995, 96:1897–1904. 

53. Ip MS, Lam B, Ng MM, et al.: Obstructive sleep apnea is 
independently associated with insulin resistance. Am J Respir 
Crit Care Med 2002, 165:670–676. 

54. Phillips BG, Kato M, Narkiewicz K, et al.: Increases in leptin 
levels, sympathetic drive, and weight gain in obstructive 
sleep apnea. Am J Physiol Heart Circ Physiol 2000, 279:
H234–H237.

55. Leung RS, Bradley TD: Sleep apnea and cardiovascular 
disease. Am J Respir Crit Care Med 2001, 164:2147–2165.

56. Shamsuzzaman AS, Gersh BJ, Somers VK: Obstructive sleep 
apnea: implications for cardiac and vascular disease. JAMA 
2003, 290:1906–1914.

57. Peppard PE, Young T, Palta M, et al.: Prospective study of 
the association between sleep-disordered breathing and 
hypertension. N Engl J Med 2000, 342:1378–1384.

58. Becker HF, Jerrentrup A, Ploch T, et al.: Effect of nasal con-
tinuous positive airway pressure on blood pressure in patients 
with obstructive sleep apnea. Circulation 2003, 107:68–73.

59. Gami AS, Pressman G, Caples SM, et al.: Association of 
atrial fibrillation and obstructive sleep apnea. Circulation 
2004, 110:364–367.

60. Peker Y, Hedner J, Kraiczi H, et al.: Respiratory disturbance 
index: an independent predictor of mortality in coronary 
artery disease. Am J Respir Crit Care Med 2000, 162:81–86.

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

One of the first clinical long-term studies to establish a direct link 
between OSA and coronary artery disease.
62. Jung HH, Han H, Lee JH: Sleep apnea, coronary artery 

disease, and antioxidant status in hemodialysis patients. 
Am J Kidney Dis 2005, 45:875–882.

63. Dyken ME, Somers VK, Yamada T, et al.: Investigating the 
relationship between stroke and obstructive sleep apnea. 
Stroke 1996, 27:401–407.

64. Mansfield DR, Gollogly NC, Kaye DM, et al.: Controlled 
trial of continuous positive airway pressure in obstructive 
sleep apnea and heart failure. Am J Respir Crit Care Med 
2004, 169:361–366.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


