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Consequences of obstructive sleep apnea

Il ABSTRACT

Obstructive sleep apnea (OSA) is a serious condition
associated with impaired quality of life, depression,
drowsy driving and motor vehicle accidents, metabolic
disease, and cognitive decline. The mechanisms account-
ing for OSA and metabolic disease include hypoxia,

sleep fragmentation, and systemic inflammation. OSA
appears to advance cognitive decline, and the relationship
between the 2 conditions may be bidirectional. Treatment
of patients with continuous positive air pressure therapy
improves many of the impaired outcomes associated with
OSA. Greater awareness, screening, and treatment of
patients with OSA can reduce the negative consequences
associated with OSA.

Il KEY POINTS

OSA is associated with negative health consequences
such as depression, drowsy driving, metabolic disease,
and cognitive decline.

Several possible mechanisms to explain the health
consequences of OSA have been explored.

Treatment of patients with OSA may improve outcomes
for many of the health consequences associated with
OSA.

Screening for OSA is important to identify and treat
patients to reduce the associated health risks.
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bstructive sleep apnea (OSA) is a seri-

ous condition that impacts quality of life

and causes drowsy driving and depression.

Research also reveals an interrelationship
between OSA and metabolic disease and an associa-
tion between OSA and cognitive impairment.

The diagnostic criteria of OSA are based on the
number of apneic or hypopneic episodes per hour
of sleep, called the apnea—hypopnea index (AHI)
as recorded during sleep testing. Diagnosis of OSA
is warranted if the AHI is 15 or more per hour or if
the AHI is 5 or more per hour with 1 or more of the
following features: sleepiness; nonrestorative sleep;
fatigue or insomnia; waking up with breath-holding
spells, gasping, or choking; snoring or breathing
interruptions; or a coexisting diagnosis of hyperten-
sion, mood disorder, cognitive dysfunction, coronary
artery disease, stroke, congestive heart failure, atrial
fibrillation, or type II diabetes.

Many patients with an AHI less than 15 may also
have OSA, given the number of coexisting medical
conditions included in the OSA diagnostic criteria.
Heart conditions such as coronary artery disease,
atrial fibrillation, and congestive heart failure encom-
passed in the OSA diagnostic criteria have increased
awareness of the link between OSA and heart health.
Less well-known, and the subject of this review, are
the negative consequences of OSA, particularly poor
quality of life, drowsy driving, depression, metabolic
disease, and cognitive impairment.

I QUALITY OF LIFE

Reduced quality of life is the most fundamental
patient-reported outcome of OSA. OSA is associ-
ated with excessive daytime sleepiness, inattention,
and fatigue, which increase the risk of accidents and
medical disability. These quality-of-life impairments
are often the main reason patients seek medical care
for sleep disorders.? Improved quality of life is a cen-
tral goal of OSA treatment and is the best indica-
tor of the effectiveness of treatment.’ Sleep health
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TABLE 1
Symptoms of depression and obstructive sleep apnea (0SA)
Depression Depression or OSA OSA

Sadness, anhedonia,
agitation, guilt,
weight loss

Daytime sleepiness, fatigue, loss

of energy, poor concentration,
irritability, psychomotor retardation,
weight gain

Snoring, witnessed
apneic episodes,
snorting

dents in drivers with untreated OSA
is 6 times greater than in the general
population.”

In a study of men and women in
the general population (N = 913),
individuals with moderate to severe

OSA (AHI > 15) were more likely

to have multiple motor vehicle acci-
dents in the course of 5 years (odds

Data from reference 13.

and its effect on quality of life is an area of focus of
Healthy People 2020 (healthypeople.gov).

The American Academy of Sleep Medicine identi-
fied quality of life, along with detection of disease and
cardiovascular consequences, as an outcome measure
for assessing the quality of care for adults with OSA.?
The assessment of quality of life for patients with OSA
is a 4-part process: use evidence-based therapy, moni-
tor the therapy, assess symptoms with a validated tool
such as Epworth Sleepiness Scale, and assess the inci-
dence of motor vehicle accidents. Information from
these 4 processes can inform changes in a patient’s
quality of life.

Treatment for OSA has been shown to improve
quality of life. A study of 2,027 patients with OSA
evaluated therapy adherence relative to mean Func-
tional Outcomes of Sleep Questionnaire and Euro-
pean Quality of Life-5D scores.* In patients with
the most impaired quality of life, those adherent to
positive airway pressure (PAP) therapy had improved
quality of life as measured by these scores.

With respect to sleepiness, a systematic review of
continuous PAP (CPAP) in patients with OSA found
a 2.7-point reduction (mean difference; 95% confi-
dence interval 3.45-1.96) in the Epworth Sleepiness
Scale in patients using CPAP compared with the
control group.’ Treatment of OSA improves patient
quality of life and symptoms such as sleepiness.

Il DROWSY DRIVING

Drowsy driving by people with OSA can lead to motor
vehicle accidents, which result in economic and
health burdens.®” National Center for Statistics and
Analysis data reveal that of 6 million motor vehicle
accidents (5-year average, 2005-2009), 1.4% involve
drowsy driving and 2.5% of fatal crashes involve
drowsy driving.® Among noncommercial drivers,
untreated OSA increases the risk of motor vehicle
accidents 3- to 13-fold.” The odds ratio of traffic acci-
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ratio = 7.3) compared with those with
no sleep-disordered breathing.!® The
association between OSA and motor
vehicle accidents is independent of
sleepiness, and drivers with OSA may not perceive
performance impairment.

There are 2 main reasons OSA increases the risk
and incidence of motor vehicle accidents. OSA
causes changes in attention and vigilance resulting
from sleep deprivation and fragmentation. OSA also
affects global cognition function, which may be due
to intermittent hypoxia attributable to OSA.?

Treatment for OSA is effective in reducing the
incidence of motor vehicle accidents. One study
found the risk of motor vehicle accidents was elimi-
nated with the use of CPAP treatment in patients
with OSA.!" A recent study of nearly 2,000 patients
with OSA found a reduction in self-reported near-
accidents from 14% before PAP therapy to 5.3% after
starting PAP therapy.'

Il DEPRESSION

Depression can occur as a consequence of OSA.
Depression and OSA have several symptoms in com-
mon (Table 1).7

Estimates of the prevalence of depression in
patients with OSA range from 5% to 63%."!* One
year after patients were diagnosed with OSA, the
incidence of depression per 1,000 person-years was
18% compared with 8% in a group without OSA.!"
Women with OSA reportedly have a higher risk of
depression (adjusted hazard ratio [HR] 2.7) than men
(HR 1.81) at 1-year follow-up." In the same study,
with respect to age, there was no significant relation-
ship noted between OSA and patients over age 64.

A one-level increase in the severity of OSA (ie, from
minimal to mild) is associated with a nearly twofold
increase in the adjusted odds for depression.”” On the
other hand, studies have also found that patients on
antidepressants may have an increased risk of OSA.¢

Several potential mechanisms have been proposed
to explain the link between depression and OSA."
Poor-quality sleep, frequent arousal, and fragmentation
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of sleep in OSA may lead to frontal lobe emotional
modulation changes. Intermittent hypoxia in OSA
may result in neuronal injury and disruption of nor-
adrenergic and dopaminergic pathways. Pro-inflamma-
tory substances such as interleukin 6 and interleukin 1
are increased in OSA and depression and are media-
tors between both conditions. Neurotransmitters
may be affected by a disrupted sleep-wake cycle. And
serotonin, which may be impeded in depression, could
influence the upper-airway dilator motor neurons.

Treatment of OSA improves symptoms of depres-
sion as measured by the Patient Health Questionnaire
(PHQ-9). After 3 months of compliance with CPAP
therapy, mean PHQ-9 scores decreased from 11.3 to
2.7 in a study of 228 patients with OSA.!" A study of
1,981 patients with sleep-disordered breathing found
improved PHQ-9 scores in patients compliant with
CPAP therapy and a greater improvement in patients
with a baseline PHQ-9 higher than 10 (moderate
severity).!

I METABOLIC SYNDROME

OSA is associated with metabolic disorders, including
metabolic syndrome, though the causality between
these 2 conditions is yet to be illuminated. Metabolic
syndrome is a term used when an individual has 3 or
more of the following features or conditions:

e Waist circumference greater than 40 inches

(men), greater than 35 inches (women)

e Triglycerides 150 mg/dL or greater or treatment

for hypertriglyceridemia

e High-density lipoprotein cholesterol less than

40 mg/dL (men), less than 50 mg/dL (women),
or treatment for cholesterol

e Blood pressure 130/85 mm Hg or greater, or

treatment for hypertension

e Fasting blood glucose 100 mg/dL or greater, or

treatment for hyperglycemia.'’

Metabolic syndrome increases an individual’s risk
of diabetes and cardiovascular disease and overall
mortality. Like OSA, the prevalence of metabolic syn-
drome increases with age in both men and women.?%?!
The risk of metabolic syndrome is greater with more
severe OSA. The Wisconsin Sleep Cohort (N = 546)
reported an odds ratio for having metabolic syndrome
of 2.5 for patients with mild OSA and 2.2 for patients
with moderate or severe OSA.?? A meta-analysis also
found a 2.4 times higher odds of metabolic syndrome
in patients with mild OSA, but a 3.5 times higher
odds of metabolic syndrome in patients with moder-
ate to severe OSA compared with the control group.?

Patients with both OSA and metabolic syndrome
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are said to have syndrome 7Z** and are at increased
risk of cardiovascular morbidity and mortality.”® Syn-
drome Z imparts a higher risk of atherogenic burden
and prevalence of atheroma compared with patients
with either condition alone.?® In comparing patients
with metabolic syndrome with and without OSA,
those with OSA had increased atherosclerotic burden
as measured by intima-media thickness and carotid
femoral pulse-wave velocity.?” Syndrome Z is also
linked to intracoronary stenosis related to changes
in cardiac morphology”® and is associated with left
ventricular hypertrophy and diastolic dysfunction.”’

OSA and hypertension

Hypertension is one of the conditions encompassed in
metabolic syndrome. Several studies report increased
risk and incidence of hypertension in patients with
OSA. In a community-based study of 6,123 individu-
als age 40 and older, sleep-disordered breathing was
associated with hypertension, and the odds ratio of
hypertension was greater in individuals with more
severe sleep apnea.”® Similarly, a landmark prospec-
tive, population-based study of 709 individuals over
4 years reported a dose-response relationship between
patients with OSA and newly diagnosed hyperten-
sion independent of confounding factors.’! Patients
with moderate to severe OSA had an odds ratio of
2.89 of developing hypertension after adjusting for
confounding variables.

A study of 1,889 individuals followed for 12 years
found a dose-response relationship based on OSA
severity for developing hypertension.’> This study
also assessed the incidence of hypertension based on
CPAP use. Patients with poor adherence to CPAP
use had an 80% increased incidence of hypertension,
whereas patients adhering to CPAP use had a 30%
decrease in the incidence of hypertension.

Resistant hypertension (ie, uncontrolled hyper-
tension despite use of 3 or more antihypertensive and
diuretic medications) has been shown to be highly
prevalent (85%) in patients with severe OSA.** An
analysis of patients at increased risk of cardiovascu-
lar disease and untreated severe OSA was associated
with a 4 times higher risk of elevated blood pressure
despite intensive medical therapy.**

Mechanisms of altered metabolic regulation in 0SA
Mechanisms implicated in altering metabolic regu-
lation in OSA include intermittent hypoxia, sleep
fragmentation and glucose homeostasis, and obesity.
Intermittent hypoxia from OSA results in sympa-
thetic nervous system activation that affects the pan-
creas, skeletal muscle, liver, and fat cells resulting in
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TABLE 2

PAP vs control conditions (change in mean 24-hour blood pressure, all patient types)

Study or PAP Control conditions Mean difference Mean difference

subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI

Becker -98 134 16 0.6 1M 16 2.1% —10.40 [-18.89, -1.91]

Campos-Rodriguez  —1.2 101 34 -03 104 34 6.4% -0.90 [-5.77, 3.97] ——

Duran-Cantolla -2 85 169 0 9 1M 44.0% -2.00 [-3.86, -0.14] -

Gottlieb -1.7 84 90 1.3 103 97 21.1% -3.00 [-5.69, -0.31] ——

Hui -2.4 98 23 1.3 101 23 4.6% -3.70 [-9.45, 2.05] —1

Martinez-Garcia -4.1 124 98 -0.8 145 9% 10.6% -3.30 [-7.10, 0.50] —a

Pepperell -2.5 96 48 08 108 47 9.0% -3.30[-7.41,0.81] —e

Robinson -2 12 16 -12 124 16 2.1% -0.80 [-9.26, 7.66] R

Total (95% CI) 494 500 100.0% -2.63 [-3.86, —1.39] ¢

Heterogeneity: Tau? = 0.00; chi? = 4.75; df = 7 (P = 0.69); I = 0% t t t t

Test for overall effect: Z = 4.17 (P < 0.0001) =20  -10 0 10 20
Favors PAP Favors control

Cl = confidence interval; PAP = positve airway pressure; SD = standard deviation

Republished with permission of the American Academy of Sleep Medicine (Patil SP, Ayappa IA, Caples, SM, et al. Treatment of adult obstructive sleep apnea with positive airway
pressure: an American Academy of Sleep Medicine systematic review, meta-analysis, and GRADE assessment. J Clin Sleep Med 2019; 15[2]:301-334); permission conveyed through

Copyright Clearance Center, Inc.

altered insulin secretion, lipid-bile synthesis, glucose
metabolism, and lipoprotein metabolism.*

Sleep fragmentation is a cardinal feature of OSA
and the resulting suppression of sleep may alter insu-
lin sensitivity. Studies have implicated disruptions
to slow-wave sleep specifically, as well as disruption
of any stage of sleep in reduced insulin sensitiv-
ity.>>* In addition to decreased insulin sensitivity,
sleep fragmentation also increases morning cortisol
levels and increases sympathetic nervous system
activation.’?

Obesity and OSA share a pathway imparting
increased cardiometabolic risk.®® Fat tissue causes
higher systemic inflammation and inflammatory
markers. A recent report describes a bidirectional
relationship between metabolic syndrome and
OSA.*? While OSA increases the risk for metabolic
syndrome, metabolic syndrome by virtue of body mass
index with changes in mechanical load and narrow
airway and physiology can predispose for OSA.

Effect of treatment for OSA
on metabolic syndrome

Several studies have evaluated the effect of CPAP
treatment for OSA on metabolic syndrome overall,
as well as the specific conditions that comprise meta-
bolic syndrome. In evaluating CPAP use and meta-
bolic syndrome overall, studies have found a reduced
prevalence of metabolic syndrome,** CPAP benefit
only in complying patients,* and a reduction in oxi-
dative stress with a single-night use of CPAP.#
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With respect to insulin sensitivity, a study of 40
men with moderate OSA using CPAP therapy (mean
use 5 hours) reported an increase in the insulin sen-
sitivity index after 2 days, and a further increase after
3 months.* Another study found no improvement in
insulin resistance in severe OSA.# A meta-analysis
reported improved insulin resistance with CPAP,*
although a recent meta-analysis assessing hemoglobin
A, _level, fasting insulin level, and fasting glucose did
not show improvement in these parameters. Large-
scale clinical trials with longer treatment duration
and better CPAP compliance are warranted.*

CPAP use in patients with OSA has been found
to affect hypertension in a number of studies (Table
2).%% In a comparison of therapeutic CPAP with
suboptimal CPAP for 9 weeks, ambulatory blood
pressure was reduced in the therapeutic group, and no
change was seen in the subtherapeutic group, illus-
trating the importance of optimal pressure settings in
treating OSA.*

A randomized controlled trial of nearly 300 indi-
viduals found improvement in 6 blood pressure
parameters in a group using CPAP compared with
a group using sham CPAP after 12 weeks.’® A large
clinic-based cohort of 894 individuals with hyperten-
sion and resistant hypertension (15%) found that
after 1 year, CPAP use was associated with 2 to 3 mm
Hg of reduction in blood pressure (Figure 1).°® Meta-
analysis of randomized controlled trials on the effec-
tiveness of CPAP on hypertension found reductions
of 2 mm Hg to 3 mm Hg in blood pressure.’” Another
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meta-analyses showed a reduction of 2.6 mm Hg in
24-hour mean blood pressure with CPAP therapy
(Table 2).#%5 This reduction may appear modest in
nature; however, any reduction in blood pressure can
result in decreased cardiovascular morbidity and mor-
tality. A meta-analysis of randomized controlled trials
indicated reductions in mean systolic blood pressure
of 5.4 mm Hg and diastolic blood pressure of 3.86 mm
Hg after CPAP in those with resistant hypertension
and OSA ¢

Weight loss has been shown to reduce the AHI and
other parameters related to sleep apnea such as oxygen
desaturation index in patients with obesity and diabe-
tes.” Weight loss combined with CPAP compared with
CPAP or weight loss alone showed an incremental
benefit in improving glucose parameters, triglycerides,
and possibly systolic blood pressure and triglycerides.®

M COGNITIVE IMPAIRMENT

Data suggest that OSA is linked with cognitive
impairment, may advance cognitive decline, and is
a bidirectional relationship. Women with OSA were
reportedly more likely to develop mild cognitive
impairment compared with women without OSA..%!
An elevated oxygen desaturation index and a high
percentage of time spent with hypoxia was associ-
ated with increased risk of developing mild cognitive
impairment and dementia.

OSA was found to be an independent risk factor
for cerebral white matter changes in middle-age and
older individuals. Moderate to severe OSA imparted
a 2 times higher risk of cerebral white matter changes
compared with individuals without OSA.** Another
study of 20 patients with severe OSA compared
with 40 healthy volunteers found diffusion imaging
consistent with impaired fibrin integrity in those
with OSA, indicative of white matter microstruc-
ture damage, and the impairment was associated
with increased disease severity and higher systemic
inflammation.®’

Individuals with hypoxia for a high percentage of
time during sleep had a 4 times higher odds of cere-
bral microinfarcts.®* Cognitive scores decreased less
in men. Men typically have more time in slow-wave
sleep, suggesting that slow-wave sleep may be protec-
tive against cognitive decline. Mild cognitive impair-
ment and Alzheimer disease were found more likely
to develop and occur at an earlier age in individuals
with sleep-disordered breathing compared with indi-
viduals without sleep-disordered breathing.®®

OSA was also associated with increased serum
amyloid beta levels in a study of 45 cognitively nor-
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Figure 1. Blood pressure trends in patients before and after
continuous positive airway pressure (CPAP) use.

Reprinted from Walia HK, et al. Longitudinal effect of CPAP on BP in resistant and
nonresistant hypertension in a large clinic-based cohort. Chest 2016; 149(3):747-755.
Copyright © 2016 with permission from the American College of Chest Physicians.
http://www.sciencedirect.com/journal/chest

mal patients with OSA compared with 49 age- and
sex-matched control patients. Increased amyloid beta
levels correlated with increasing severity of sleep
apnea as measured by the AHI.%

Mechanism linking OSA and cognition
One possible mechanism linking sleep quality and
cognitive impairment or Alzheimer disease is the role
of unfragmented sleep in attenuating the apolipo-
protein E e4 allele on the incidence of Alzheimer
disease.®” Beta amyloid is released during synaptic
activity. Neuronal and synaptic activity decreases
during sleep, and disrupted sleep could increase beta
amyloid release.®® Sleep has been found to enhance
the clearance of beta amyloid peptide from the brain
interstitial fluid in a mice model.®

Recent data point toward the bidirectional rela-
tionship between the sleep and Alzheimer disease in
that excessive and prolonged neuronal activity in the

absence of appropriately structured sleep may be the
reason for both Alzheimer disease and OSA.707
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Effect of treatment for OSA on cognition

White matter integrity in 15 patients with OSA
before and after treatment with CPAP was compared
with 15 matched controls. Over 12 months, there was
anearly complete reversal of white matter abnormali-
ties in patients on CPAP therapy.”” Improvement in
memory, attention, and executive function paralleled
the changes in white matter after the treatment.

Il CONCLUSION

OSA is a serious condition with far-reaching con-
sequences associated with impaired quality of life,
depressive symptoms, drowsy driving, metabolic
disease, and cognitive decline. Treatment of OSA
improves many of these health consequences, empha-
sizing the need for OSA screening. Large randomized
studies are needed to assess the efficacy of CPAP on
metabolic outcomes, including insulin sensitivity
and glucose tolerance, in reducing disease burden.
Study of the endophenotypes of patients with OSA is
needed to define and target the mechanisms of OSA-
induced adverse health outcomes and perhaps lead to
personalized care for patients with OSA.
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