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Abstract
Both obesity and sleep apnea are prevalent health conditions that frequently coaggregate. Obesity-
associated inflammation may influence asthma control; the relation of sleep apnea to asthma or
allergic rhinitis may be bidirectional. Both obesity and sleep apnea are associated with augmented
levels of inflammation and oxidative stress, and it is biologically plausible that the proinflammatory
effects of one disorder influence the expression of the other disorder. This article elucidates
mechanistic associations among obesity, sleep apnea, and systemic inflammation; highlights
interrelationships between these factors with cardiopulmonary disease; and identifies specific areas
for future research directions.
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Sleep apnea, characterized by loud snoring and daytime sleepiness, is a prevalent disorder,
affecting upwards of 2% to 4% of the population.1 It is caused by episodes of repetitive partial
or complete upper airway collapse during sleep, which causes sleep disruption and
fragmentation, as well as intermittent hypoxia, ventilatory overshoot hyperoxia, sympathetic
nervous system surges, alterations in intrathoracic pressure, and local airway edema and
inflammation. Sleep apnea also frequently coaggregates with obesity, and both conditions may
independently or synergistically influence cardiopulmonary function and systemic
inflammation. Moreover, sleep apnea and accompanying obesity may share common
inflammatory pathways with asthma and allergic rhinitis. The relation of sleep apnea to asthma
or allergic rhinitis may be bidirectional. To date, most research has been directed at
understanding the links among sleep apnea, systemic inflammation, and cardiac responses. In
this article, we present mechanistic associations between sleep apnea, obesity, and systemic
inflammation. We highlight interrelationships between these factors and pulmonary as well as
cardiac disease and identify specific areas for future research directions.
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ACUTE PHYSIOLOGICAL RESPONSES TO SLEEP APNEA
Systemic responses

One mechanism by which sleep apnea may contribute to systemic inflammation is through
increased sympathetic nervous system activation, which may be induced by upper airway
closure, hypoxia, hypercarbia, and/or arousals associated with the respiratory disturbances.
Sleep apnea–related enhanced sympathetic nervous system activity likely plays a
pathophysiologic role in the development of the acute increases in blood pressure commonly
observed at the termination of apneas. It is also implicated in the pathogenesis of sustained
systemic hypertension. Augmented sympathetic nervous system activity also appears to be
associated with cytokine expression and oxidative stress.2 In addition, elevated catecholamine
levels may undergo auto-oxidation, and this has been considered to be a cause of
catecholamine-induced cardiomyopathy, which may account for cardiovascular disease
complications in individuals with sleep apnea.

Cyclical episodes of hypoxia-reoxygenation, analogous to cardiac ischemia/reoxygenation
injury, occur repetitively in patients with sleep apnea, causing ATP depletion and xanthine
oxidase activation, and increasing the generation of oxygen-derived free radicals. Responses
to repetitive hypoxia-reoxygenation also include activation of endothelial cells and leukocytes,
increased expression of adhesion molecules, activation of the proinflammatory transcription
factor nuclear factor-κB,3 and activation of other stress genes and their products such as
hypoxia inducible factor 1.4 Independent of gas exchange abnormalities, sleep apnea may
contribute to systemic inflammation via effects on sleep continuity and duration, which may
alter sympathetic nervous system activity and/or influence the hypothalamic pituitary adrenal
axis and neurohumoral responses. Specific reductions in rapid eye movement sleep, in
particular, have been reported to be associated with activation of lipid peroxidation and
inhibition of antioxidants.5 These effects may explain the increased cardiovascular morbidity
reported to be associated with short sleep duration in several epidemiologic surveys.6 However,
it is also plausible that similar effects may contribute to respiratory morbidity.

Local upper airway inflammation
The intermittent obstruction of the upper airway that is the defining characteristic of sleep
apnea leads to airflow turbulence, which may trigger local mucosal pharyngeal inflammation
as well as systemic inflammatory responses and oxidative stress. Support for this includes
reports of increases in IL-6,7 8-isoprostane concentrations, leukotriene B4, exhaled nitric oxide,
8,9 and neutrophilia in the exhaled breath condensate or induced sputum and reduced pH in
exhaled breath condensate of patients with sleep apnea compared with controls.10 However,
in several of these studies, differences in inflammatory and oxidative markers were most
significant when obese patients with sleep apnea were compared with nonobese controls, and
were not significantly different when obese patients with sleep apnea were compared with
obese subjects without sleep apnea,8 suggesting that underlying obesity may play a large role
in mediating inflammatory responses, particularly in regard to elevations in exhaled IL-6 and
F2-isoprostane levels (Table I11).

SYSTEMIC INFLAMMATION IN SLEEP APNEA IL-6
IL-6, a proinflammatory cytokine secreted by T cells and macrophages, increases in response
to experimental intermittent hypercapnic hypoxia.12 Increased circulating levels of IL-6 levels
have been demonstrated to be correlated with sleep apnea severity, 13 although one of the
largest studies to examine this suggested that the increased levels of IL-6 could be largely
attributable to increased obesity.14 The latter study, however, showed that even after
considering the confounding influences of obesity, patients with sleep apnea have higher

Mehra and Redline Page 2

J Allergy Clin Immunol. Author manuscript; available in PMC 2009 August 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



morning soluble IL-6 receptor levels, a marker with more expansive physiologic effects than
IL-6 alone and also reported to be elevated in inflammatory pulmonary conditions such as
asthma and sarcoidosis.15,16 The latter findings suggest that soluble IL-6 receptor signaling
pathways may play a common role in the pathogenesis of both sleep apnea and asthma,
potentially independent of obesity.

C-reactive protein
C-reactive protein (CRP) is an acute phase reactant produced by the liver and adipocytes and
is influenced by IL-6 levels. It has emerged as a salient marker of cardiovascular risk. Although
all reports of CRP and sleep apnea have reported CRP levels to be increased in sleep apnea,
the data have been inconsistent as to whether this relationship is independent of obesity or
explained by other confounders.17,18 However, several studies of relatively healthy samples,
include a sample of men referred to a sleep laboratory screened to be free of underlying
cardiovascular or metabolic disease, and 2 samples of children, demonstrated significant
associations between CRP levels of sleep apnea severity.19,20 In addition, data from 2 small
interventional trials have demonstrated reductions in CRP levels with continuous positive
airway pressure (CPAP) treatment, consistent with sleep apnea as a reversible trigger for
increased systemic inflammation.21,22

TNF-α
TNF-α is a cytokine involved in systemic inflammation. Data have demonstrated circulating
levels TNF-α levels are significantly elevated in sleep apnea, independent of body mass index,
23,24 and levels are associated with the degree of nocturnal sleep disturbance.24 There is
evidence that TNF-α plays a role in mediating apoptotic death and cellular proliferation and
contributes to atherosclerosis, and possibly to the pathogenesis of asthma. The latter effects
may related to adverse effects of TNF-α on smooth muscle function.25

SLEEP APNEA AND OXIDATIVE STRESS
Oxidative stress is considered to be a fundamental cellular pathogenic process in metabolic
and cardiovascular function and a key mediator of chronic inflammatory states such as asthma.
26 Oxidative stress represents a state of imbalance between increased production of free radicals
such as reactive oxygen species (ROS) and reduced antioxidant activity and may be assessed
via direct measurements of ROS comprising superoxide, hydrogen peroxide, and the hydroxyl
radical as well as enzymes such as nicotinamide adenine dinucleotide phosphate oxidases,
superoxide dismutase, and glutathione peroxidase, which are involved with regulation of ROS
production. Indirect measurements of oxidative stress may be ascertained by measurement of
oxidized products of lipids, proteins, or DNA.

Measures of lipid peroxidation, malondialdehyde, thiobarbituric acid reactive substances, and
oxidized low-density lipoprotein levels from urinary, plasma, exhaled condensate, or sputum
samples have been the most studied measures of oxidative stress in sleep apnea. Measurement
of F2-isoprostane is currently considered to be one of the most accurate methods to quantify
lipid peroxidation. A pediatric study did not observe increased urinary F-2 isoprostanes in
association with sleep apnea severity 27; however, the sample was small and included only a
few children with severe levels of hypoxemia. Increased levels of overnight urinary 8-
isoprostane levels have been reported in sleep apnea, with levels correlated with degree of
hypoxia, and decreasing after CPAP treatment.28 Morning plasma malondialdehyde level has
been reported to be significantly higher in subjects with sleep apnea compared with controls.
29 Malondialdehyde levels also have been reported to be elevated in the intercostal muscles of
individuals with sleep apnea, with elevations persisting even after long-term sleep apnea
treatment.30 Inconsistent associations with sleep apnea have been reported when oxidative
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stress was quantified by using measures of thiobarbituric acid reactive substances,31–33

oxidized low-density lipoprotein,33,34 and circulating free nitrotyrosine.35 However, many of
these measures are difficult to quantify accurately, and most studies have had small sample
sizes. Neutrophil superoxide generation has been observed to be increased in sleep apnea and
superoxide generation reversed with treatment.36 Oxidized DNA, measured by urinary 8-
hydroxy-2’-deoxyguanosine excretion, was significantly higher in the subjects with severe
sleep apnea than controls and correlated with degree of intermittent hypoxemia.26 Individuals
with sleep apnea also have been reported to have lower total antioxidant capacity with
normalization after treatment.37 Very little work to date has harnessed the power of microassay
studies to understand sleep apnea stresses. However, 1 microarray study has shown that sleep
apnea is associated with increased expression of genes involved in modulation of ROS,
including heme oxygenase 1, superoxide dismutase 1 and 2, and catalase, and genes involved
in cell growth, proliferation, and the cell cycle.38 It is plausible that the oxidative stresses
associated with sleep apnea may contribute to an altered oxidant/antioxidant imbalance that
may accompany asthma. Additional research is needed to clarify these potentially interacting
mechanistic pathways, including the role of obesity in these relationships.

SLEEP APNEA AND THROMBOSIS, INSULIN RESISTANCE, AND IMMUNE
FUNCTION
Coagulation factors

There is some evidence for a hypercoagulable state in sleep apnea, which may help explain the
increased prevalence of vascular diseases in this population. Sleep apnea has been associated
with increased levels of plasminogen activator inhibitor 1,39 fibrinogen,40 activated
coagulation factors XIIa and VIIa, thrombin/antithrombin III complexes, and soluble P-
selectin.41 Most studies have identified levels of hypoxemia to correlate with these levels.
However, the studies have been inconsistent regarding the extent to which associations were
independent of obesity and how levels changed with sleep apnea treatment. Coagulation and
fibrinolysis also have been shown to play a role in the pathogenesis of asthma. For example,
activated factor X may result in a dose-dependent increase in mucin production and collagen
deposition, thereby mediating the asthmatic response.42 Sleep apnea-induced alterations in
hemostasis may therefore contribute to airway hyperreactivity in susceptible patients.

Insulin resistance
Several observational studies have demonstrated associations between sleep apnea and insulin
resistance that are independent of obesity.43 An interventional study demonstrated improved
insulin sensitivity in patients with moderate to severe sleep apnea with treatment, with the best
responses occurring in those with a body mass index <30 kg/m2.44 Because increased levels
of insulin and diabetes have been associated with pulmonary dysfunction,45 it is possible that
sleep apnea–related increases in insulin resistance may contribute to the morbidities associated
with asthma and chronic obstructive lung disease.

Immunologic effects
All the mechanisms described earlier that may affect the sympathetic nervous system, cytokine
and insulin levels, and oxidative stress likely will also influence other aspects of immunologic
function. To date, most research has been directed at understanding the link between sleep
apnea and cardiovascular disease, with an emphasis on actions of proinflammatory cytokines
or the anti-inflammatory cytokine IL-10.46 However, sleep apnea and its attendant hypoxia
have been associated with enhanced adhesion of neutrophils, an effect that may contribute to
airway inflammation and bronchial hyperresponsiveness.46,47 Sleep apnea is also
characterized by a “leptin resistant” state, and leptin has immune-modulating functions that
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may affect the asthma phenotype.48 Preliminary work has been reported on other immune-
mediated mechanisms in sleep apnea, such as CD40-CD40 ligand interaction.49 Additional
work is needed to assess sleep apnea–related immunologic perturbations more fully that may
also influence airway and lung disease.

OBESITY AND SLEEP APNEA: INTERSECTING PATHWAYS PROMOTING
INFLAMMATION

In middle-aged adults, obesity is the strongest but by no means the only risk factor for sleep
apnea. Relative to stable weight, a 10% weight gain predicts an approximate 32% increase in
sleep apnea severity and a 6-fold increased sleep apnea incidence; a 10% weight loss predicts
a 26% decrease in severity.50 Obesity confers sleep apnea risk through alteration in upper
airway structure (altered geometry and increased collapsibility), reduction in the functional
residual capacity, and imbalance in the relationship between respiratory drive and load
compensation. Central obesity, which is also associated with metabolic abnormalities, is
particularly strongly associated with sleep apnea; that is, sleep apnea severity is associated with
levels of waist circumference, upper body skin-fold thickness, and visceral adipose content.
51 In addition, because sleep apnea often results in reduced sleep duration and sleep
fragmentation, which may promote weight gain through effects on appetite-regulating
hormones and metabolism,52 it is plausible that sleep apnea and obesity may be related through
bidirectional pathways. Additional sleep apnea risk factors include male sex, increasing age,
African American or Asian race, genetic factors, craniofacial structure, and/or neuromuscular
disease. In younger and older populations, the strength of the association between sleep apnea
and obesity is weaker, and conversely, the relative importance of other factors such as tonsillar
size (in children) or frailty (in the elderly) increase.

Because of the frequent coaggregation of obesity and sleep apnea, it is often difficult to discern
which health or pathophysiological effects are attributable to one or the other condition, and
which effects may reflect additive or synergistic effects. As discussed, sleep apnea, through
hypoxia/hyperoxia and sleep fragmentation, may cause or exacerbate proinflammatory states
through effects on sympathetic hyperreactivity and/or oxidative stress. Many of the adverse
metabolic and inflammatory effects of obesity are also considered to be mediated by similar
prooxidative and sympathetic pathways, which include adipose tissue production of
proinflammatory cytokines and chemokines such as TNF-α, IL-6, and leptin and reduced levels
of adiponectin. Because in rodent models, background levels of obesity influence metabolic
responses to intermittent hypoxemia,53 it is plausible that the proinflammatory responses to
sleep apnea in human beings also are influenced by obesity, and conversely, that obesity-related
effects on inflammation and cardiopulmonary disease are influenced by coexisting sleep apnea.

SLEEP APNEA, OBESITY, AND ASTHMA/ALLERGIC RHINITIS: AN
INFLAMMATORY TRIAD

It is well recognized that asthma and sleep apnea are both prevalent health conditions that
frequently coaggregate and share common risk factors such as obesity and prematurity and
preferentially affect common population subgroups, specifically African Americans and
individuals of low socioeconomic class.54 However, data to date do not provide definitive
evidence of whether these associations are causal or of their directionality. Cross-sectional
population-based data indicate that compared to subjects without asthma or nonwheezers,
subjects with asthma or those who wheeze have higher rates of snoring and witnessed apneas,
55,56 with associations stronger in younger compared with older individuals. In children,
snoring also has been associated with exercise-induced asthma and atopy.57 Even after
adjusting for obesity and race, persistent wheezing in childhood has been demonstrated to
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increase the likelihood of objectively measured sleep apnea more than 5-fold.58 A large 14-
year longitudinal study showed that independent of obesity and other factors, a new diagnosis
of asthma increased the incidence of snoring by almost 3-fold.59

Asthma and sleep apnea may both be characterized by generalized abnormalities of the
nasopharynx and lower airway, which may coexist either because of common airway responses
to inflammatory or atopic stimuli or because of genetic or other developmental factors that
similarly affect the upper and lower airways. The potential importance of nasal pathology,
including allergic rhinitis, in the link between asthma and sleep apnea is suggested by the results
of a population-based study of adults that reported stronger associations of snoring with nasal
congestion than with asthma.60 A large Swedish cohort study reported an approximate 2-fold
higher odds of rhinitis in individuals with daytime sleepiness, snoring, and witnessed apneas
(key symptoms of sleep apnea) even after adjustment for confounders.56 Also, optimal allergic
rhinitis treatment decreases sleep apnea severity and prevents emergence of elongated facies
in children, a known sleep apnea risk factor.61 It is also possible that stimulation of nasal
mechanoreceptors because of sleep apnea–related snoring may trigger an inflammatory
cascade resulting in rhinitis symptoms; therefore, a bidirectional relationship between sleep
apnea and rhinitis may be in effect.

The pathogenetic links between obesity and asthma are reviewed in Dr Shore’s review in this
issue of the Journal,62 and in this article, the links between obesity and sleep apnea are
discussed. The overlapping inflammatory and physiologic mechanisms linking sleep apnea,
obesity, and asthma/allergic rhinitis are depicted in Fig 1. All 3 conditions are characterized
by low-grade inflammation and oxidative stress. Obesity and sleep apnea both may cause
changes in thoracic mechanics that influence bronchial tone (ie, reduced lung capacity,
increased negative intrathoracic pressures, and gastroesophageal reflux). Both sleep apnea and
asthma may disrupt sleep and sleep-associated homeostatic control of airway function and
ventilation. Atopy and allergic rhinitis, which may be strongly linked to asthma, also may
increase the risk of sleep apnea by contributing to nasal obstruction through nasopharyngeal
inflammation or adenotonsillary hypertrophy. Chronic nasal obstruction from allergic rhinitis
occurring in early life also may lead to the development of long lower facies and relative
mandibular retrognathia, which compromises upper airway size. Sleep apnea and asthma/
allergic rhinitis also may share common developmental or genetic risk factors as proposed by
the “unified airway” theory.63

Pathophysiologically, sleep apnea may be on the causal pathway between obesity and asthma.
Plausible mechanisms by which sleep apnea may exacerbate asthma are through enhanced
vagal cholinergic tone induced by apnea, upper airway repetitive obstruction–induced local
airway inflammation, systemic inflammation, and apnea-related alterations in intrathoracic
pressures, the latter resulting in gastroesophageal reflux and bronchoconstriction. It is also
plausible that hypercytokinemia and oxidative stress generated during apnea-related
hypoxemic episodes could contribute to airway inflammation and bronchial hyperreactivity.
Conversely, asthma may exacerbate sleep apnea via nocturnal dyspnea, wheezing, or cough,
resulting in sleep disruption, altered ventilatory control, and diffuse airway edema, increasing
susceptibility to upper airway narrowing or collapse.

The extent to which sleep apnea operates as a mediator in the association between obesity and
asthma in children was recently reported.64 In statistical models, both sleep apnea and obesity
were independent predictors of wheeze. Consideration of sleep apnea in the statistical models
significantly attenuated the association between obesity with wheeze but not between obesity
and asthma, suggesting complex interactions between these disorders. Because it appeared that
sleep apnea was a stronger confounder or intermediate risk factor for wheeze than asthma, the

Mehra and Redline Page 6

J Allergy Clin Immunol. Author manuscript; available in PMC 2009 August 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



authors speculated that sleep apnea may be more strongly associated with “atypical” asthma
or a special subset of asthma phenotypes.

Synergistic comorbidity because of the co-occurrence of hypoxemia and sleep disruption
associated with each condition also has been suggested. In patients with both disorders, there
is some evidence that treatment of the sleep apnea leads to reduced asthma symptoms, reduced
bronchodilator use, and/or improved lung function and airway hyperreactivity.65–68 However,
a recent intervention study in adults has shown increased levels of airway reactivity following
1 month of CPAP use for sleep apnea.69 The small size of these studies suggests the need for
more research to understand optimal treatment approaches for these comorbid conditions.

OTHER PULMONARY–SLEEP APNEA INTERACTIONS
Overlap syndrome

The coexistence of chronic obstructive lung disease and sleep apnea, or “overlap syndrome,”
is a well recognized entity. Patients with this disorder have more severe nocturnal hypoxemia
than patients with only 1 disorder.70

Pulmonary hypertension
In sleep apnea, pulmonary hemodynamics may demonstrate transient perturbations in
pulmonary artery pressure and pulmonary capillary wedge pressure coincident with respiratory
events. There are some data indicating right ventricular dysfunction occurs in individuals with
sleep apnea,71 but it is as yet unclear whether pulmonary hypertension occurs in sleep apnea
without the presence of concomitant daytime hypoxia.

Obesity hypoventilation syndrome
Severe abnormalities in gas exchange occur in patients with obesity hypoventilation, which
often includes variables degrees of obstructive sleep apnea. This condition is often associated
with pulmonary restrictive patterns, pulmonary hypertension, and right ventricular
dysfunction. Other than obesity, the specific risk factors for depressed ventilator responses in
this condition are poorly understood.

FUTURE DIRECTIONS
Recent research provides compelling data linking sleep apnea, obesity, and inflammatory
dysregulation. To date, the implications of these comorbidities and overlapping pathogenetic
pathways predominantly have been related to cardiovascular disease. However, asthma is
increasingly associated with obesity, and it is possible that the obese asthmatic phenotype is
influenced by a unique set of risk factors that may include neutrophilic airway inflammation
that may be modulated in concert with obesity-related inflammatory processes as well as sleep
apnea–related stresses. In addition, despite the marked influence of pulmonologists in the area
of sleep medicine, in general, there has been little research that has addressed the interactions
between the upper and lower airways and how these anatomic and functional areas mutually
influence each other as well as reflect common genetic and environmental influences. Research
is also needed to address the clinical implications of comorbid asthma/allergic rhinitis and
asthma, and how treatment of one condition may ameliorate the other. Preliminary work
suggests, for example, that leukotriene blockers may improve apnea in snoring children.72

The role of immune dysregulation, the interaction between local (upper and lower airway) and
systemic inflammatory and oxidative stress pathways, and the influence of sleep and circadian
rhythm disruptions on both sleep apnea and asthma are important areas for research. From a
clinical perspective, data are needed to guide approaches for screening for each disorder given
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the other, as well as understanding the role of interventions for one disorder and their effect
on the other. Finally, because asthma and sleep apnea are both exacerbated by obesity, there
remains an urgent need to prevent and treat obesity.

Abbreviations used
CPAP, Continuous positive airway pressure; CRP, C-reactive protein; ROS, Reactive oxygen
species.
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Fig. 1.
A theoretical schema showing the multiple interrelated pathways among sleep-disordered
breathing, obesity, and asthma. Sleep-disordered breathing, obesity, and asthma each are
associated with numerous adverse physiological sequelae, many of which may exacerbate
disease manifestations with the other 2 conditions.
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TABLE I
Studies examining sleep apnea, obesity, and their relation to local upper airway inflammation

Sample
characteristics Markers of interest Findings

Effects independent
of obesity?

Carpagnano
et al, 20027

n = 28 IL-6 in EBC IL-6: higher in sleep apnea
patients (8.7 ± 0.3 pg/mL)
than healthy controls (1.6 ±
0.1 pg/mL; P < .0001).
Obese controls had lower
levels than sleep apnea
patients (2.1 ± 0.2 pg/mL; P
< .0001)

Exhaled IL-6: yes

Referral sample 8-Isoprostane in EBC 8-Isoprostane: levels were
not higher in sleep apnea
(7.4 ± 0.7 pg/mL) than obese
subjects (5 ± 0.3 pg/mL; P
= .4), but were higher than in
healthy subjects (4.5 ± 0.5
pg/mL; P < .005).

Exhaled 8-isoprostane: no

Depalo et al,
20088

n = 43 Exhaled NO Exhaled NO: increased in
patients with sleep apnea
and obese patients (23.1 ±
2.1 and 17.9 ± 2.1 ppb) than
in healthy subjects (7.2 ± 0.6
ppb; P < .001).

Exhaled NO: no

Referral sample iNOS expression in
induced sputum cells

iNOS: sleep apnea and obese
patients showed increased
expression in neutrophils
and macrophages with
respect to healthy subjects.

Sputum iNOS expression:
no

Petrosyan et
al, 20079

n = 45 Exhaled NO Exhaled NO: higher in
patients with sleep apnea
than in control subjects (P < .
05).

Exhaled NO: no

Referral sample Exhaled CO Exhaled CO: higher in
patients with sleep apnea
than in control subjects (P < .
05).

Exhaled CO: no

8-Isoprostane in EBC 8-Isoprostane in EBC:
elevated in patients with
sleep apnea in comparison
with obese subjects (P < .
01).

Exhaled 8-isoprostane: yes

Leukotriene B4 in EBC Leukotriene B4 in EBC:
elevated in patients with
sleep apnea in comparison
with obese subjects (P < .
01).

Leukotriene B4 in EBC: yes

Carpagnano
et al, 200311

n = 30

Referral sample 8-Isoprostane in EBC 8-Isoprostane: higher in
morning EBC (9.5 ± 1.9 pg/
mL) and plasma (9.7 ± 1.5
pg/mL) of patients with
sleep apnea compared with
healthy obese subjects (6.7 ±
0.2 and 7.1 ± 0.3 pg/mL,
respectively; P < .0001).

Exhaled 8-isoprostane: yes

EBC, Exhaled breath condensate.
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