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Beneficial Effects of Continuous Positive
Airway Pressure Therapy

Deepak Shrivastava

Abbreviations

AHI Apnea-hypopnea index

APAP  Auto-adjusting positive airway pressure
BiPAP Bilevel positive airway pressure
CPAP  Continuous positive airway pressure
CRP C-reactive protein

DSAT  Dental sleep appliance therapy

ESS Epworth sleepiness scale

GERD  Gastroesophageal reflux disorder
IL-6 Interleukin-6

NIV Noninvasive ventilation

OSA Obstructive sleep apnea

RDI Respiratory disturbance index

9.1 Introduction

Continuous positive airway pressure (CPAP) treatment has become the standard
treatment for obstructive sleep apnea (OSA) introduced in the 1980s [1]. During
CPAP therapy, air is applied via a nasal/facial mask at a constant increased pressure.
This pressure is produced by forcing air through the nose into the pharynx causing
a “pneumatic splint,” which prevents the airway from collapsing [2, 3]. It has been
demonstrated to resolve sleep disorder breathing and improve several clinical out-
comes. The CPAP results in elimination of obstructive apneas, hypopneas, and
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respiratory effort-related arousals as quantitatively measured by apnea-hypopnea
index (AHI) and respiratory disturbance index (RDI).

9.2  CPAP Therapy

Optimal CPAP pressure is established in a sleep laboratory setting. The pressure
finally chosen by the sleep laboratory technician for long-term treatment is a com-
promise between the need to keep the pressure high enough to prevent most apneas,
hypopneas, and snoring and keep the pressure low to avoid compromising patient
acceptance and the side effects of too high a pressure [4]. Side effects of CPAP
therapy are leakage of air from the mask causing irritation of the conjunctiva of the
eyes, disturbance of the patient by machine, mask noise which increases at higher
pressure [5, 6], and by the increased resistance on expiration associated with high
CPAP pressure [7-10].

The optimal CPAP pressure required for patients may change over time due to
changes in weight, nasal obstruction, sleep deprivation, and use of hypnotic or seda-
tive medications [11]. The pressure needed varies during the night based on changes
in sleep posture and sleep stage such as higher pressure is required in supine posi-
tion and in REM sleep than in the lateral (side) position or during slow-wave sleep
[12—14]. The constant pressure CPAP chosen should be high enough to abolish all
obstructive events throughout the night and dictates the maximum pressure needed
at any time during the night. This pressure might be too high if the patient is mostly
sleeping on their side throughout the night. Self-adjusting CPAP machines [auto-
adjusting positive airway pressure (APAP) and bilevel positive airway pressure
(BiPAP)] were developed to treat the pressure to the patient’s needs. Ideally, such an
APAP machine should lead to a reduction in the mean CPAP pressure and pressure-
associated side effects. This, in turn, would presumably improve patient accep-
tance [15].

CPAP therapy is associated with improvement in OSA consequences such as
oxygen desaturation and high AHI. Randomized control trials have demonstrated
CPAP therapy to be superior to placebo at improving stage N3 and REM sleep. With
the improvement in OSA, the large negative swings in juxta-cardiac pressure during
the upper airway occlusion improves. CPAP decreases the transmural pressure and
improves the wall tension across the right and left ventricle.

Hemodynamic change results in a decrease in the afterload as well as the resul-
tant decrease in myocardial oxygen consumption and increased stroke volume.
CPAP improves oxygenation and hypercapnia with a resultant decrease in sympa-
thetic activity, neurohormonal activation, oxidative stress, and inflammation.
According to some studies, CPAP may reduce morbidity and mortality.

Treatment with CPAP reduces sympathetic activity, diminishes platelet activa-
tion and aggregation, and improves oxidation of low-density lipoprotein particles. It
also decreases the production of reactive oxygen species in neutrophils and mono-
cytes. Circulating levels of C-reactive protein (CRP) fibrinogen and interleukin-6
(IL-6) are elevated in OSA patients and decreased significantly after treatment with
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CPAP. Clinical data suggests that IL-6 levels are elevated in patients with OSA but
not in patients with OSA and obesity. The baseline level of CRP is an independent
predictor of future myocardial infarction, stroke, cardiovascular death, and inci-
dence of peripheral arterial disease. CRP level is a risk factor for atherosclerosis and
itis considered an active pathogenic agent. A decrease in CRP level in OSA becomes
evident when CPAP is used for more than 4 h per night.

CPAP may reduce daytime sleepiness in adults with OSA. A systematic review
of over 70 studies evaluating dental sleep appliance therapy (DSAT) or CPAP for
1 week or more in adults with obstructive sleep apnea-hypopnea showed that CPAP
is associated with nonsignificantly reduced sleepiness based on Epworth sleepiness
scale (ESS) and improved AHI better than oral appliances. ESS measures the likeli-
hood of falling asleep during daily activities on a scale of 0—24 points, with higher
scores indicating more severe daytime sleepiness, while AHI measures the average
number of apneas or hypopneas per hour [1].

CPAP is associated with improvement in sleepiness and reduction in AHI com-
pared with no treatment. At the same time, CPAP had inconsistent effects for quality
of life outcomes, cognitive measures, and blood pressure. There were no adverse
events with potentially long-term consequences noted with CPAP therapy [2].

According to the literature, CPAP is associated with reduction in sleepiness and
improved quality of life in patients with moderate-to-severe obstructive sleep apnea
[3]. CPAP may improve quality of life and daytime sleepiness compared to conser-
vative treatment in women with moderate-to-severe OSA [4]. CPAP may reduce
fatigue, increase energy, and improve AHI score in adults with moderate-to-severe
OSA [5]. CPAP might improve some aspects of cognitive performance in middle-
aged patients with obesity and severe OSA [6].

In mild-to-moderate OSA, CPAP therapy reduces excessive daytime sleepiness
although with small effects of limited clinical significance [7]. When compared
with subtherapeutic CPAP, nasal CPAP reduces excessive daytime sleepiness and
improves self-reported health status.

However, in asymptomatic patients with OSA, CPAP does not appear to improve
quality of life or objective sleepiness [8]. Studies that reviewed the effect of CPAP
on traffic accidents and effect on spouse sleep show that CPAP is associated with
reduced risk of motor vehicle crashes and improved daytime sleepiness and quality
of life in bed partners [9, 10].

The effect of CPAP therapy on the risk for cardiovascular events in patients with
OSA is limited and inconsistent. CPAP may improve neurologic recovery after
stroke and may be associated with reduced risk of mortality and recurrent stroke.
CPAP therapy is associated with small reduction in blood pressure and may not
improve glycemic control or insulin resistance in patients with OSA.

In patients with heart failure and OSA, CPAP improves left ventricular systolic
function. CPAP therapy may improve left ventricular diastolic function and is asso-
ciated with reduction in frequency of ventricular premature beats during sleep [11].
CPAP does not appear to reduce frequency of arrhythmia in patients with OSA but
may be associated with reduced rate of recurrent atrial fibrillation in patients with
OSA reported to reverse heart block in patients with apnea-associated heart block.
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According to the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines—Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults, the
effectiveness of CPAP to reduce blood pressure is not well established in adults with
hypertension and obstructive sleep apnea [12].

Based on a systematic review without clinical outcomes, there is established
consensus that CPAP and DSA therapy may each reduce blood pressure slightly in
patients with obstructive sleep apnea. CPAP is associated with decreased systolic
blood pressure (weighted mean difference 2.6 mmHg, 95% CI 1.6-3.6 mmHg) and
diastolic blood pressure (2.1 mmHg, 95% CI 1.4-2.8 mmHg). These results are
considered limited by significant heterogeneity. DSAT is associated with decreased
systolic blood pressure (1.9 mmHg, 95% CI 0.6-3.2 mmHg) and diastolic blood
pressure (1.9 mmHg, 95% CI 0.5-3.2 mmHg). One series of four trials showed no
significant difference in systolic or diastolic blood pressure comparing CPAP vs.
DSAT in an analysis of 370 patients. These results are consistent with other meta-
analyses and indirect comparisons [13].

A controversial recent randomized trial concluded that CPAP might not reduce
the risk of major cardiovascular or cerebrovascular events in patients with moderate-
to-severe OSA and coronary or cerebrovascular disease [14]. A number of studies
have demonstrated that CPAP ventilation within 28 days of stroke may improve
neurologic function in patients with stroke or transient ischemic attack and sleep
disordered breathing [15]. CPAP during stroke rehabilitation or 2 months after
stroke may have benefits in patients with obstructive sleep apnea with reduced mor-
tality. CPAP during rehabilitation following stroke might reduce sleepiness and
stroke-related impairment in patients with obstructive sleep apnea [16, 17].
Confirming the dose—response relationship, one study showed that CPAP compli-
ance is associated with reduced risk of recurrent stroke in older patients with sleep
apnea [18].

In patients with heart failure, CPAP may improve left ventricular systolic func-
tion in heart failure and reduce systolic blood pressure in patients with heart failure
and OSA patients with OSA who do not have Cheyne-Stokes events [19, 20].
Inhospital OSA treatment with APAP may improve left ventricular ejection fraction
in patients with acutely decompensated heart failure and OSA [21]. At least one
study has documented that a BiPAP may increase left ventricular ejection fraction
more than CPAP in heart failure patients with newly diagnosed OSA [22]. A num-
ber of studies have evaluated the effect of positive airway pressure therapy. Addition
of CPAP therapy for 6 months does not appear to improve glycemic control in
patients with newly diagnosed OSA and type 2 diabetes [23].

On the other hand, CPAP therapy for 6 months may improve glycemic control
and insulin resistance in patients with OSA and suboptimally controlled type 2 dia-
betes, based on a randomized control trail [24]. CPAP therapy for 3 months does not
appear to improve glycemic control or insulin resistance in men with type 2 diabetes
and OSA [25].

Long-term use of CPAP is found to be associated with improved nocturnal gas-
troesophageal reflux disorder (GERD) symptoms in patients with OSA. Based on
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two cohort studies, eighty-five patients with OSA were followed for 6 months. Six
patients treated with medication for GERD symptoms were excluded. Sixty-two of
79% of patients (78%) had GERD symptoms at baseline. CPAP was associated with
significantly improved GERD symptoms and Epworth sleepiness score in all
patients and more significantly in CPAP compliant patients [26].

In another study 331 patients with OSA were prescribed CPAP. CPAP is associ-
ated with significantly improved nocturnal GERD symptoms (from mean 3.38 to
1.75, p < 0.001) while no significant differences were noted in nocturnal GERD
symptoms in 16 patients not using CPAP [27].

Obesity is a risk factor for OSA. Noninvasive ventilation (NIV) and CPAP are
associated with similar hospitalization rates in patients with obesity hypoventilation
syndrome and severe obstructive sleep apnea [28]. Lifestyle modification is an
emerging process to change the course of many chronic diseases. NIV or CPAP may
improve daytime sleepiness compared to lifestyle modifications in patients with
obesity hypoventilation syndrome and severe obstructive sleep apnea [29]. CPAP
appears as effective as bilevel ventilatory support for daytime sleepiness for obesity
hypoventilation syndrome without severe nocturnal hypoxemia [30].

9.2.1 Metabolic Syndrome

CPAP may improve markers of metabolic syndrome in patients with moderate-to-
severe OSA according to a peer-reviewed journal [31].

9.2.2 Alzheimer Disease

CPAP is reported to improve nighttime sleep quality in patients with Alzheimer
disease and OSA [32]. CPAP is associated with reduced daytime sleepiness in
patients with Alzheimer disease and OSA [33].

9.2.3 Seizures

Most seizures occur at night. CPAP may decrease seizure frequency in compliant
patients with epilepsy and OSA [34]. CPAP is reported to decrease seizure fre-
quency in patients with epilepsy and OSA [35].

CPAP may reduce mortality and hospitalization in patients with chronic obstruc-
tive pulmonary disease and OSA. A combination of these two entities occurring in
the same patient is known as “overlap syndrome.” This has worsened morbidity and
mortality [36]. CPAP may improve depressive symptoms in adults with OSA and
depression [37].

A comprehensive understanding of the underlying pathophysiology of obstruc-
tive sleep apnea forms the foundation of how treatment improves the adverse effects
and abnormalities of organ systems. The treatment modality may be different, but
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the desired outcomes are the same. This chapter reviews the evidence-based benefits
of CPAP therapy. This serves as a guide map for the dental sleep scientists and clini-
cal dental sleep specialists to design future research and current patient treat-
ment plans.
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