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Abstract
Sleep disordered breathing (SDB) is a medical condition that has increasingly recognized adverse
health effects. Obesity is the primary risk factor for the development of SDB and contributes to
cardiovascular and metabolic abnormalities in this population. However, accumulating evidence
suggests that SDB may be related to the development of these abnormalities independent of obesity.
Periodic apneas and hypopneas during sleep result in intermittent hypoxemia, arousals and sleep
disturbances. These pathophysiologic characteristics of SDB are likely mechanisms underlying
cardiovascular and metabolic abnormalities including hypertension and other cardiovascular
diseases, altered adipokines, inflammatory cytokines, insulin resistance, and glucose intolerance. It
appears that treatment of SDB with continuous positive airway pressure reverses some but not all of
these abnormalities; however, studies to date have demonstrated inconsistent findings. Weight loss
strategies, including diet, exercise, medications and bariatric surgery have been evaluated as a
treatment strategy for SDB. In preliminary studies, dietary intervention and exercise have reduced
severity of SDB. One study demonstrated mild reductions in weight and subsequent improvements
in SDB severity using the weight-reducing medication, sibutramine. In morbidly obese subjects,
bariatric surgery effectively induces weight loss and improvement in SDB severity and symptoms,
but long-term benefits remain uncertain. Large randomized trials are required to determine the utility
of these strategies as long-term approaches to improving SDB and reducing associated complications.
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Introduction
Sleep disordered breathing (SDB) is a term that encompasses obstructive apneas, central
apneas, hypopneas and respiratory effort-related arousals that occur during sleep. Evidence
increasingly indicates that SDB is associated with adverse effects on health and represents a
growing public health concern (1). It is estimated that 18 millions Americans have SDB, many
of whom remain undiagnosed (2). The prevalence of clinically significant SDB is estimated to
be 2-4% in middle-aged adults (3). The therapy of choice for SDB is continuous positive airway
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pressure (CPAP), a device that splints open the upper airway by forcing positive air pressure
in through the nose.

Obesity is one of the most significant risk factors for the development of SDB (4-6) and over
70 percent of patients with SDB are obese (7). Likewise, significant SDB is found in
approximately 40 percent of obese persons (7). Patients with SDB appear to be predisposed to
weight gain and have abnormalities in plasma leptin, ghrelin and other mediators that are
involved in regulating body weight (8-12). Thus, the relationship between obesity and SDB is
complex and may be bi-directional, such that SDB may also contribute to obesity. The purpose
of this review is to provide a brief overview of the relationship between SDB, obesity, and
associated cardiovascular and metabolic morbidity and complications. In addition, this review
will highlight the effects of weight loss and other SDB treatments, and their influence on SDB
and its consequences.

Pathophysiology of SDB
Respiratory perturbations during sleep including, obstructive apneas, central apneas,
hypopneas, and respiratory effort-related arousals (RERAs) are collectively referred to as SDB.
Obstructive apneas occur when the upper airway collapses during sleep, blocking airflow and
oxygenation despite continued respiratory effort. Central apneas occur when loss of respiratory
effort accompanies reductions in airflow. Hypopneas are described as reductions in airflow
(partial airway closure) accompanied by arterial oxygen desaturation. RERAs are difficult
breathing, snoring and throat narrowing that may not be enough to produce apneas or
hypopneas but can awaken a person. Obesity, male gender, upper airway anatomical
abnormalities, and increasing age are all risk factors for the development of SDB (13). The
mechanisms of airway occlusion are heterogeneous and factors such as anatomical
abnormalities, upper airway dilator muscle function, arousal threshold, and abnormalities in
the control of breathing may all influence propensity for airway obstruction during sleep
(14). As a result, the exact causes of airway obstruction and evolution of SDB vary between
individual patients.

Clinical Symptoms and Diagnostic Criteria of SDB
SDB results in intermittent episodes of hypoxemia, hypercapnia, arousal, and subsequent
fragmented sleep, leading to daytime sleepiness, increased risk of motor vehicle accidents,
reduced quality of life and a variety of cardiovascular, psychiatric, and metabolic abnormalities
(12,15,16). SDB severity is usually quantified by the number of apneas and hypopneas (AHI)
or number of apneas, hypopneas and respiratory effort related arousals (RDI) per hour of sleep.
Less than five respiratory events per hour of sleep is considered normal, five-15 respiratory
events/hour sleep is mild SDB, 15-30 events/hour sleep is moderate SDB, and >30 events/hour
sleep is severe SDB.

Obesity-related Contribution to SDB
Of all the risk factors for development of SDB, obesity may be the strongest and most studied
(17-20). Increased body weight heightens the risk of prevalent SDB in population studies and
weight gain over time increases the likelihood of developing or worsening SDB (21). Peppard
and colleagues demonstrated in a longitudinal study that a 10% gain in body weight increased
the odds of developing moderate-severe SDB by six-fold (21). In addition, each 1% change in
body weight was associated with a 3% change in AHI (21) (Figure 1).

The distribution and location of adipose tissue appears to influence the risk of developing SDB
and contributes to the pathogenesis of SDB events. Increased fat and muscle tissue in the neck
may narrow airway size and increase upper airway resistance (22,23). Men are at higher risk
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of SDB, and since women have less adipose tissue on the neck, trunk, and abdomen, it is
theorized that sex-related differences in fat distribution may play a role in men's increased risk
(24-26). Increases in central adiposity seen with aging and in postmenopausal women may
explain the higher prevalence of SDB in these groups (27). Deposition of fat in tissues
surrounding the upper airway produces a greater mechanical load on the upper airway that
increases the likelihood of obstruction during sleep. Deposition of fat over the chest wall and
abdomen reduces chest wall compliance and lowers lung volumes (28-30). Particularly
important is the reduction in functional residual capacity caused by high intra-abdominal
pressure. This decrease in end-expiratory lung volume reduces the “tug” on the trachea
normally produced during inspiration by negative intrathoracic pressure. As a result, the lateral
pharyngeal walls are thickened and the airway is narrowed. This obesity-related decrease in
end-expiratory lung volume, combined with increased tissue oxygen consumption rates, results
in faster depletion of lung oxygen stores during apnea (31). Thus, the amount of oxygen
desaturation for a given apnea length is increased in obese vs. normal weight individuals.

Excess body weight and obesity clearly promote the development of SDB, but increasing
evidence suggests that SDB may also promote weight gain and obesity (Figure 2). Repetitive
episodes of SDB disrupt sleep and cause excessive sleepiness during the daytime. Sleepiness
may reduce physical activity and promote weight gain over time. As a result, investigators have
become interested in whether patients with SDB have reduced daily physical activity. A recent
evaluation of daytime activity monitored by actigraphy was completed in patients with SDB.
West et al monitored the effects of therapeutic and sham CPAP on daily activity, body weight
and sleepiness in patients with SDB (32). Therapeutic CPAP reduced daytime sleepiness, but
neither therapeutic nor sham CPAP altered activity levels or body weight over the 3 month
study period (32). The authors postulate that habitual activity patterns or pre-existing reasons
for lower physical activity may contribute to the findings (32). In contrast, analysis of physical
activity levels in heart failure patients showed that patients with SDB were less active during
the day compared to patients without SDB who had similar left ventricular function (33).
Further research that monitors specific activities and patterns in the different patient groups
with SDB may explain differences in these findings and the possible effect of CPAP on activity
and on body weight.

Since exercise programs may help patients lose weight and reduce the severity of SDB,
increasing patients' physical activity appears to be an important treatment goal for patients with
SDB. However, patients with SDB may be predisposed to weight gain and may have difficulty
losing weight. Phillips et al showed that patients with SDB have greater weight gain in the year
prior to being diagnosed with SDB compared to patients without SDB (12). This may reflect
abnormalities in basal metabolic rate or metabolic regulators such as leptin and ghrelin.

Weight gain occurs when caloric intake exceeds energy expenditure (34). Energy expenditure
includes resting energy expenditure (REE), dietary thermogenesis, energy expended during
exercise, and energy expenditure in response to environmental stress (34). Characteristics of
SDB, including arousals from sleep, and sympathetic activation may influence energy
expenditure and risk of weight gain (35-37). Dysregulation of energy expenditure may
contribute to the propensity for weight gain in patients with SDB. Unfortunately, studies
investigating the effects of SDB on energy expenditure have been inconsistent (34,38-41). A
recent study evaluated REE in adult patients with signs or symptoms of SDB (34). Resting
energy expenditure was not different between patients free of SDB and patients with mild,
moderate and severe SDB (34). However, in multiple regression analyses, AHI was positively
correlated to REE after adjustment for age, sex, health status, and body mass index (BMI) in
the models (31). Although alterations in energy expenditure would explain propensity for
weight gain associated with SDB, energy expenditure is not decreased and may actually be
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increased in SDB. It is clear that other factors influence energy balance and weight gain in
SDB.

Hormonal and Inflammatory Effects
Leptin is secreted by adipose tissue and normally acts to reduce appetite and food intake while
ghrelin increases appetite and caloric intake. Patients with SDB have elevated plasma leptin
levels, even when adiposity is accounted for (8-11). Since leptin functions to reduce serum
insulin concentrations, hyperleptinemia may be a compensatory response to normalize insulin
resistance and other metabolic abnormalities. Hyperleptinemia in the presence of obesity and
SDB may also be indicative of “leptin resistance” whereby weight reducing and appetite
regulating signals of leptin are not appropriately detected in the hypothalamus, resulting in
persistent obesity and/or weight gain. Plasma ghrelin concentrations are also elevated in
patients with SDB, which may increase caloric intake and facilitate weight gain (11,42).
Although leptin and ghrelin are not used clinically as indicators of obesity, alterations in their
expression indicate patients with SDB are at risk for weight gain and obesity. Therapy with
CPAP reduces SDB-related elevations in plasma leptin and ghrelin, suggesting that these
defects are somewhat reversible (42-44). Whether or not alleviation of SDB facilitates weight
loss is unclear since studies evaluating weight before and after CPAP have reported inconsistent
findings (43,45,46). Although CPAP has numerous benefits for patients with SDB, the current
literature does not suggest that weight loss is one of them. Preliminary studies in patients with
SDB that evaluated other adipose-related hormones such as adiponectin have produced
inconsistent results (47-51). Adiponectin expression is inversely correlated with BMI, and
adiponectin is involved in glucose and fatty acid regulation and may help ameliorate
atherosclerosis, Type 2 diabetes, and obesity (47-51). Abnormalities in obesity-related
hormones resulting from SDB may impair metabolic homeostasis, contribute to a positive
energy balance that promotes weight gain, and increase cardiovascular risk.

Inflammation
Growing evidence suggests that inflammation plays an integral role in the development of
vascular abnormalities and cardiovascular disease (52). Inflammation has also been proposed
as a putative mechanism of cardiovascular disease in patients with SDB. In addition, increased
activity of inflammatory pathways may impair insulin action in peripheral tissues (53).
Inflammatory mediators such as C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis
factor-α (TNF- α) and interleukin-8 (IL-8) have been studied in patients with SDB, leading to
the hypothesis that dysregulation of inflammatory cytokines contributes to progression of
cardiovascular disease and metabolic abnormalities in such individuals (54-58).

CRP is an inflammatory serum protein that is produced in adipose tissue and the liver (52,
59). In population studies, CRP has been linked to increased risk of cerebrovascular and
cardiovascular disease (60,61). A pilot study of newly diagnosed SDB patients matched for
age and BMI with non-SDB controls demonstrated that serum CRP was significantly elevated
in patients with SDB (57). Subsequent studies found that when obesity was accounted for, SDB
severity and CRP were not independently related. Thus, obesity may mediate most of the
relationship between SDB and CRP (62-65). In addition, the Wisconsin Sleep Cohort Study
analyzed 907 patients with SDB and did not find a link between SDB and elevated CRP that
was independent of obesity (65). CRP's relationship to obesity may be mediated by IL-6. IL-6
is a pro-inflammatory cytokine secreted from adipose tissue that stimulates CRP production
in the liver. IL-6 concentrations are elevated in obese subjects (66) and initial studies
demonstrated a significant increase in circulating IL-6 levels in patients with SDB (67,68).
However, recent studies have shown no difference between SDB patients and non-SDB
controls in levels of IL-6 (69). Although pilot studies initially suggested a relationship between
SDB, CRP and IL-6, subsequent investigations suggest that CRP and IL-6 may not be
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independently related to SDB and their role in the genesis and progression of cardiovascular
disease in patients with SDB is not entirely clear.

Alterations in TNF- α and IL-8 have also been observed in patients with SDB. TNF- α and
IL-8 are also pro-inflammatory cytokines that may be involved in the pathogenesis of
cardiovascular disease (70,71). Studies have shown that concentrations of TNF- α are
significantly higher in patients with SDB, independent of obesity, and that treatment with
CPAP decreases TNF- α levels (54,68,72). TNF- α also appears to mediate sleepiness in
patients with SDB. Vgontzas et al demonstrated that three weeks of etanercept (a TNF- α
inhibitor) reduced daytime sleepiness in patients with SDB (73). Increased levels of IL-8 have
also been associated with SDB (69,74,75). Two of these studies also reported a decrease in
IL-8 levels with CPAP therapy (69,75). TNF- α and IL-8 appear to be independently related
to SDB and may contribute to inflammation and subsequent risk of cardiovascular disease.

Potential Mechanisms of Inflammation in SDB
Intermittent hypoxia and sleep disruption are pathogenic characteristics of SDB that are
potential mechanisms of altered inflammatory mediators in patients with SDB (57).
Intermittent hypoxia increases expression of the transcription factor nuclear factor kappa B
(NF-κB) which activates production of TNF- α and IL-8 (72). Furthermore, hypoxic conditions
at high altitude also increase levels of IL-6 and CRP (76), while sleep deprivation increases
plasma levels of IL-6 (54,67). Studies in children with SDB have shown plasma CRP levels
are positively correlated with both AHI and arousal index measures (77). Thus, both the
intermittent hypoxia and sleep fragmentation associated with SDB may underlie abnormalities
in inflammatory markers in patients with SDB. Elevations in inflammatory cytokines along
with obesity may result in increased risk of cardiovascular disease, but determining the exact
role obesity plays in this risk has been heavily scrutinized.

Clinical Consequences of SDB
Sleep Disordered Breathing, Obesity and Cardiovascular Comorbidities

Findings of early studies suggesting that SDB was associated with hypertension and other
cardiovascular diseases were questioned since, in some cases, confounding variables such as
obesity were not adequately controlled. This was understandable since patients with SDB and
cardiovascular diseases had overlapping risk factors including obesity and obesity is
independently correlated with hypertension. Subsequent investigations have accounted for
known confounders and have still demonstrated significant associations between SDB,
hypertension and other CVD. Epidemiologic studies have consistently demonstrated increased
prevalence of hypertension, stroke, arrhythmias, and cardiovascular disease in patients with
SDB. (78,79). Furthermore, the Wisconsin Sleep Cohort Study demonstrated that SDB is an
independent risk factor for the development of hypertension. In this landmark study,
investigators demonstrated that presence of SDB at baseline increased the risk of developing
hypertension four years later (78). The risk of developing hypertension increased with severity
of baseline SDB (78). In the most recent hypertension treatment guidelines, SDB is recognized
as an identifiable cause of hypertension (80). However, recently published data from the
prospective Sleep Heart Health population study found that in patients without hypertension,
presence of SDB at baseline did not predict development of hypertension independent of
obesity after five years of follow-up (81). Since subjects in the Wisconsin Sleep Cohort Study
and Sleep Heart Health Study were very different in age and heterogeneity, the conflicting
results need to be interpreted with caution.

Direct evidence that SDB is a primary etiologic risk factor for development of stroke, coronary
artery disease and heart failure is lacking. While pathophysiologic and cross-sectional studies
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suggest there is a relationship between SDB and these conditions, causation has not been
established. In addition to cardiovascular abnormalities, increasing evidence suggests that SDB
may alter insulin sensitivity and glucose metabolism.

Sleep Disordered Breathing, Glucose Handling and Type 2 diabetes
Type 2 diabetes and SDB frequently coexist in obese patients. However, there is emerging
evidence that SDB and diabetes are related, and that the relationship between them is
independent of obesity. Population studies suggest that patients with SDB frequently have
diabetes, and conversely, that SDB is prevalent in patients with known diabetes (82-84). As a
result, numerous population-based, clinic-based and mechanistic studies have been performed
to determine if SDB leads to the development or worsening of Type 2 diabetes. To provide
insight about the relationship, studies have focused on insulin sensitivity, glucose metabolism,
development of diabetes, and treatment effects of continuous positive airway pressure in
patients with SDB.

The majority of population-based studies have demonstrated a relationship between SDB or
markers of SDB severity and Type 2 diabetes and have been cross-sectional in nature
(85-92). These relationships have been significant even when accounting for adiposity (85,
86,89,90). Abnormalities in fasting blood glucose, fasting insulin, hemoglobin A1c, oral
glucose tolerance tests, and estimations of insulin resistance using the homeostasis model
assessment (HOMA) are greater in SDB subjects or are related to severity of SDB (85-91).
The only prospective analysis to diagnose SDB with polysomnography demonstrated greater
prevalence of diabetes in SDB subjects (AHI≥15 events/hour), however, no independent
relationship was found between SDB and incident diabetes after four years of follow-up (93).

Many clinic-based studies have consistently shown associations between abnormalities in
glucose metabolism, insulin resistance and SDB (47,54,82,94-100). As in the population-based
studies, these associations have been shown to be independent of obesity (54,97-100). In these
studies, various measures of obesity have been used, including BMI, wasit/hip ratio, and
visceral fat measurements, however, these measures may be suboptimal measures of adiposity.
To address this, Punjabi and Beamer measured insulin sensitivity, glucose disposition and beta-
cell insulin output after an intravenous glucose tolerance test in patients with SDB (101).
Adiposity was measured using dual energy x-ray absorptiometry, providing a precise measure
of body fat. The study found that independent of adiposity, SDB subjects had impaired insulin
sensitivity and glucose disposition index (an integrated measure of pancreatic beta-cell
function), which was correlated with severity of SDB (101). Interestingly, they also
demonstrated that even in the presence of reduced insulin sensitivity, patients with SDB did
not increase pancreatic beta cell insulin output (101). Normally, as insulin sensitivity decreases,
pancreatic beta cells increase insulin output in an attempt to maintain euglycemia. Interpreted
collectively, this data suggests that subjects with SDB have multiple metabolic deficits that are
key in the development of Type 2 diabetes.

Numerous studies have attempted to determine if treatment of SDB with CPAP reverses
metabolic abnormalities and improves glycemic control in patients with and without existing
Type 2 diabetes. Unfortunately, studies evaluating the effects of CPAP on glycemic measures
and control of type 2 diabetes have demonstrated inconsistent results (102-109). While some
studies have found improvements in insulin resistance and blood sugar control, others have
demonstrated no change over the course of CPAP therapy. A recent study rigorously evaluated
if therapeutic CPAP improved blood glucose control and insulin resistance compared to sham
CPAP in patients with type 2 diabetes and SDB (110). Previous studies had been confounded
by the lack of a control group that limited the interpretation of their results (102-106). After
three months of treatment, glycemic control and insulin resistance did not significantly change
in either sham or therapeutic CPAP groups. Use of CPAP was low (3.6±2.8 hrs/night) in the
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therapeutic CPAP group but was not correlated to measures of glycemic control (110). The
conflicting results could be a result of differences in study design, study population
characteristics, duration of CPAP therapy, adherence to CPAP therapy, and possible changes
in body weight between studies (111). Future studies should evaluate the effects of CPAP over
longer treatment periods (e.g. > 6 months) with objectively documented CPAP adherence. It
is also important to evaluate the effects of CPAP on glycemia and insulin resistance in patients
with SDB who are prediabetic to evaluate how the reversal of SDB influences glucose
abnormalities before the onset of diagnosed diabetes. Current research does not provide
evidence that treating SDB improves glucose control in patients with established diabetes, but
current evidence does suggest that SDB does negatively influence glucose homeostasis.

Potential Mechanisms of Glucose and Insulin Disturbances in Sleep Disordered Breathing
SDB has numerous pathophysiologic effects that may influence insulin sensitivity, glucose
metabolism and metabolic homeostasis. Studies in animals and healthy humans have
demonstrated that intermittent hypoxia and sleep loss reduce insulin sensitivity and glucose
tolerance (112-114). Interestingly, one of these studies found that intermittent hypoxia
produced insulin resistance in conscious mice that had pharmacologic denervation of
sympathetic and parasympathetic nervous systems (113). These findings suggest that
sympathetic activation is not required for development of acute insulin resistance to
intermittent hypoxia. Sympathetic activation may however contribute to the development of
hypoxia-induced insulin resistance over time. Intermittent hypoxia and sleep fragmentation
may elicit changes in glucose and insulin homeostasis through a number of mechanisms
including increased sympathetic nervous system activity, abnormalities in adipokines and
inflammatory cytokines, alterations in the HPA axis and oxidative stress (Figure 3). Animal
and physiologic human studies have shown that sympathetic nerve activity, inflammatory
cytokines, and HPA axis dysfunction contribute to insulin resistance and/or impaired glucose
tolerance (115-119).

Treatment of SDB
General Approach and Treatment Options

Continuous positive airway pressure is the therapy of choice for SDB and produces numerous
benefits for patients. First, CPAP improves nocturnal sleep disturbances and daytime sequelae
of SDB, including daytime sleepiness, quality of life and cognitive function (120). Second,
CPAP attenuates numerous cardiovascular and metabolic abnormalities and may reduce
cardiovascular risk (121-125). Use of CPAP may improve survival compared to untreated SDB.
Marin et al demonstrated greater incidence of fatal and nonfatal cardiovascular events in
patients with severe SDB who were untreated compared to patients treated with CPAP (126).
Although it is possible that patients who readily use CPAP may more willingly engage in
healthful behaviors that influence cardiovascular risk, results of observational studies are
consistent. Other observational studies have also demonstrated increased mortality in patients
with SDB (127-131). Thus, a prospective, randomized controlled trial is needed to confirm the
survival benefits of CPAP suggested by the observational studies to date. In the meantime, use
of CPAP should be encouraged to improve patient symptoms and minimize exposure to the
negative effects of untreated SDB.

Although CPAP is the therapy of choice for most patients with SDB, there are other treatment
options that may be attempted. Patients who experience SDB events primarily in the supine
position may be counseled on supine avoidance methods during sleep. Oral appliances
(mandibular advancement devices and tongue-retaining devices) are an alternative therapy for
patients who do not respond to, who are not appropriate candidates for, or who fail treatment
with CPAP (132). Upper airway surgery is a treatment option that is recognized to be less
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effective than CPAP therapy but may be useful for patients with recognized anatomical or
craniofacial abnormalities (133). Surgeries that may be performed include
uvulopharyngoplasty (resection of the uvula and soft palate to open the upper airway),
procedures to open nasal passages (septoplasty), and removal of the tonsils and adenoids
(mostly performed in pediatric SDB). Uvulopharyngoplasty is the most common upper airway
surgery More invasive and elaborate surgical procedures such as tracheostomy are effective
but are usually reserved for emergencies. Patients who do not tolerate CPAP may be prescribed
supplemental oxygen therapy. Supplemental oxygen prevents arterial oxygen desaturations but
does not reduce the AHI or daytime sleepiness and is not recommended as first line therapy
(134). The treatment of SDB is largely nonpharmacologic, but drug therapies may be
appropriate for the management of daytime sleepiness and airway inflammation associated
with SDB. The American Academy of Sleep Medicine (AASM) practice parameters for
medical therapy of SDB advocate the use of nasal steroids for patients with SDB and concurrent
rhinitis (135). AASM practice guidelines also recommend use of modafinil to treat residual
daytime sleepiness in patients with SDB who use concurrent CPAP therapy (135). In
overweight patients with SDB, weight loss is an important part of the treatment strategy.

Impact of Weight Loss on Reversal of SDB
Increased body weight elevates the risk of developing and/or worsening SDB (21). As a result,
weight loss via dietary measures, physical activity, and a combination of the two have been
studied as intervention strategies for the treatment of SDB (136-144). These interventions may
improve SDB by relieving mechanical load on the upper airway, reducing propensity for its
collapse (28).

Diet and Exercise
Studies that have investigated dietary interventions alone in SDB have found that significant
weight loss (18.5 to 27.7 kg) can be induced by a low calorie diet (320 to 1,000 kcal/day)
(141-143). Weight loss produced significant improvements in markers of SDB severity,
including oxygen desaturation index (141), AHI (141-143), minimum oxygen saturation
(141) and blood carbon dioxide concentrations during sleep (142). Although these results are
encouraging, and suggest that low calorie diets alone may reduce SDB severity, subjects'
amount of exercise was not monitored and subsequent studies should control for exercise since
it also may have additive effects with diet on weight loss and SDB severity (145).

Population-based studies have examined the risk of prevalent SDB in patients who engage in
regular exercise. A cohort study of 4,275 patients in the Sleep Heart Health Study found that
a vigorous exercise regimen of 3 or more hours a week reduces the odds of having SDB (defined
as an RDI >15 episodes/hr) (146). Peppard and Young demonstrated that individuals with more
hours of exercise per week had a lower AHI, independent of age, sex, BMI and other covariates
(147). In addition, two small studies found that physical activity in patients with SDB yielded
significant improvement in symptoms and severity of SDB without major changes in body
weight (148,149). These findings suggest that exercise alone may decrease the likelihood of
developing SDB and may reduce SDB severity. Furthermore, exercise may have a protective
effect that is independent of weight loss. Future studies are warranted to prospectively
determine the ability of exercise to prevent the development of SDB and ability to reduce
severity of existing SDB.

Interventions combining diet and exercise have been effective weight loss strategies in patients
with SDB and are probably superior to either intervention alone (145). Studies have found that
average weight loss of 9.2 kg to 19.1 kg resulted in improvements in oxygen desaturations
during sleep (136-139,144), apnea frequency (140,144) and daytime sleepiness (138-140,
144). Combined diet and physical activity reduce SDB severity even in patients with mild SDB
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(144). Tuomilehto et al showed that very low calorie diet (600-800 kcal/day) with physical
activity led to significant weight loss and a corresponding decrease in AHI at three and 12
months in patients with mild SDB (144).

If initial weight loss can be achieved, maintaining weight loss over time is also a great challenge
in obese patients (150). Sampol et al examined the effect of short and long term weight
reduction (low calorie diet and exercise) on SDB (151). In this study 11% of the subjects were
cured of their SDB (AHI<10) after a mean follow-up of 11.5 months. These subjects were
reevaluated at 94 months and 13 of the 24 maintained their weight loss. Seven of the 13 who
maintained weight loss remained cured of SDB (151). These finding suggest that long-term
weight loss may alleviate SDB, but the relationship between SDB and weight loss is complex
and maintenance of weight loss does not necessarily prevent recurrence of SDB. This latter
idea is supported by a small study whose findings indicate that improvement in SDB may not
be related to amount of weight lost (138). Consequently, it appears that the amount of weight
loss required to improve SDB severity and symptoms varies between patients. This variability
is not surprising given that not all SDB is obesity-related.

Although weight loss appears to hold promise as a treatment for SDB, the published studies
are limited by small size, lack of randomization, confounding variables, or the absence of
controls (136-143,148,149). A 2001 Cochrane review found zero prospective randomized
controlled trials evaluating weight loss or exercise for treatment of SDB (152). Subsequently,
there has only been one randomized controlled trial in this area (144). Large, randomized
studies need to be conducted in this area to determine if preliminary findings demonstrating
that weight loss improves SDB are confirmed in more robust investigations.

Medication-aided Weight Loss
Although preliminary findings suggest that weight loss may improve SDB (136-144), many
obese patients have a difficult time losing weight and keeping weight off using diet and exercise
alone. Sibutramine and orlistat are the only two FDA approved medications for treatment of
obesity and in combination with lifestyle modifications, they have been shown to improve long
term weight loss compared to diet alone (145). These medications combined with dietary and
behavior modifications can result in significant weight loss and may help reduce SDB severity
and associated symptoms (153).

Sibutramine is a derivative of an amphetamine precursor that works centrally to primarily
inhibit the reuptake of norepinephrine and serotonin. It induces a feeling of satiety that can aid
in weight loss when combined with a low calorie diet and an exercise program (153).
Sibutramine is an effective treatment for weight loss (145,154,155) and it effectively reduces
abdominal adiposity, a common risk factor for SDB (156). Two studies have evaluated the
effects of sibutramine on weight loss and SDB. Yee et al examined 87 men with SDB who
received 24 weeks of sibutramine in an open-label, uncontrolled cohort study (157).
Sibutramine produced a mean weight loss of 8.3 ± 4.7 Kg (7.8 ± 4.2% of body weight), that
significantly improved SDB severity, daytime sleepiness and reduced oxygen desaturations.
Seventy of the subjects had a reduction in severity of SDB and 43% of subjects had a 50% or
greater reduction in RDI. Four patients with prior SDB had an RDI <5 episodes/hr at the end
of follow-up. Analysis revealed a strong correlation between amount of weight lost and %
change in RDI (157). In contrast, a study of shorter duration evaluated subjects with SDB after
one month of sibutramine treatment and found no significant impact on AHI, weight, sleep
architecture or respiratory disturbance (158). The short one month treatment period limits the
study's findings since weight loss is generally assessed after longer (3-6 month) sibutramine
treatment periods. Since sibutramine can substantially increase blood pressure and heart rate
in some patients, it should not be used in patients with a history of coronary artery disease,
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congestive heart failure, arrhythmias or stroke (159). Caution should be used in SDB since
patients with SDB frequently have hypertension and cardiovascular disease.

Orlistat inhibits lipases in the intestinal tract, thus inhibiting the breakdown of dietary fats and
decreasing the absorption of fat (160). Orlistat has been shown in multiple meta-analyses to
produce approximately 3 kg greater weight loss than placebo (145,155). Currently there are
no randomized controlled trials evaluating the effects of orlistat on SDB, but since orlistat
facilitates weight loss, it may help reduce severity of SDB. Orlistat appears to be less effective
than sibutramine at aiding weight loss. A meta-analysis of 8 studies comparing sibutramine
and orlistat monotherapies found that sibutramine was associated with a 2.2 kg greater weight
loss than orlistat (161). Adverse effects of orlistat include abdominal discomfort, liquid or oily
stools, increased defecation and fecal incontinence. In addition, since orlistat decreases fat
soluble vitamin absorption (most notable Vitamins D, E and beta-carotene), it is recommended
to take a daily multivitamin during orlistat therapy (162). Further study evaluating the efficacy
and safety with these two medications in patients with SDB is needed.

Bariatric Surgery
Weight loss can be difficult to maintain via diet and exercise alone, especially in the morbidly
obese (163). Bariatric surgery is an effective method of weight loss, and consequently, may
reduce the severity of SDB (164,165). Bariatric surgery has produced significant decreases in
AHI (166,167), oxygen desaturation (168-170), sleep efficiency (169), daytime sleepiness
(169), and respiratory disturbance index (169,170) over months of follow up. Not surprisingly,
with effective weight loss, bariatric surgery also decreases the need for CPAP therapy, and
9-12 months after surgery patients may not require CPAP therapy at all (164,168,169).

Since non-randomized studies demonstrated encouraging effects on SDB severity and
symptoms, a systematic review and meta-analysis of 136 studies reviewed the effect of bariatric
surgery on SDB. The random effects model analyzed numerous surgical techniques and found
that the mean percentage excess weight loss was 61.2% (165). Furthermore, SDB was resolved
in 85.7% of morbidly obese patients undergoing bariatric surgery (165). Combined data from
the various surgical techniques showed that bariatric surgery reduced mean AHI by 34 events
per hour. A later meta-analysis was performed including only investigations that used
polysomnography to document AHI before and after bariatric surgery and found similar effects
of surgery on SDB severity (171). The analysis found that bariatric surgery significantly
reduced AHI in the 12 studies included, and the mean AHI after surgery in the included studies
was still 15.8 events per hour. However, follow-up investigations are necessary to determine
if reductions in AHI are maintained during long-term follow-up. A preliminary study indicated
that reductions in AHI seen four months after bariatric surgery were not maintained after 7.5
years of follow-up (172). This small study found that changes in AHI after 7.5 years were
independent of changes in body weight. Recurrences of SDB and mechanisms of airway
collapse are complex and influenced by variables other than weight. It is important to note that
bariatric surgery has potential complications; about 10% of patients receiving this treatment
have a significant adverse event (173), so application of this intervention requires careful risk/
benefit analysis. Complications can be acute (hemhorrage, obstruction, anastomotic leak,
infection, pulmonary emboli) or chronic (neuropathies resulting from nutritional deficiencies,
hernias, and anastomotic stenoses) in nature (174).

Summary and Conclusions
Obesity is the most significant risk factor for the development of SDB, and as the prevalence
of obesity increases, the prevalence of SDB is also likely to increase. Since many patients with
SDB remain undiagnosed, identification of SDB in patients at risk will help to reduce the
individual and societal burden. Patients with SDB have abnormalities in obesity hormones,
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inflammatory cytokines and insulin and glucose regulation that increase cardiovascular risk.
Current therapies effectively treat SDB in many patients but are not perfect. CPAP does not
cure SDB, it may be cumbersome, and long-term CPAP adherence is approximately 60-70
percent (175-177). Weight loss and exercise have shown promise in preliminary studies but
require patient commitment and dedication over time. Future investigations should address
whether the various therapies for SDB truly correct underlying metabolic and cardiovascular
abnormalities and if long-term therapy improves survival. In addition, mechanistic
investigations will hopefully identify new potential therapies for SDB that target putative
mechanisms for these metabolic and cardiovascular abnormalities.
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Figure 1.
The mean change in apnea hypopnea index was related in a dose-response fashion to change
in body weight during four years of follow-up. Used with permission (21).
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Figure 2.
The potential mechanisms that mediate the relationship between sleep disordered breathing
and obesity. Obesity imparts mechanical load on the upper airway predisposing it to collapse
and repeated apneas during sleep. In turn, sleep apnea produces daytime sleepiness, and may
promote physical inactivity and metabolic abnormalities that contribute to increases in body
weight. Used with permission (178).

Leinum et al. Page 21

Nutr Clin Pract. Author manuscript; available in PMC 2010 May 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
The potential mechanisms of glucose intolerance and insulin resistance in patients with sleep
disordered breathing. Used with permission (179).
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