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Abstract: Obstructive sleep apnea (OSA) is a common disorder,

characterized by cyclic cessation of airflow for 10 seconds or more.

There is growing awareness that OSA is related to the development

and progression of cardiovascular disease. However, only a few

studies have associated OSA directly to major cardiovascular events.

The aim of this study was to evaluate the relationship between OSA

and cardiovascular morbidity in a well defined population of

patients.

The electronic database of the central district of a major health

management organization was searched for all patients diagnosed

with OSA in 2002–2010. For each patient identified, an age- and

sex-matched patient was randomly selected from the members of the

same health management organization who did not have OSA. Data

on demographics, socioeconomic status, and relevant medical

parameters were collected as well.

The study population included 2797 patients, average age 58.1, in

which 76.6% were males. There was a significant correlation between

OSA and the presence of ischemic heart disease (P < 0.001), pulmo-

nary hypertension (P< 0.001), congestive heart failure (P< 0.001),

cardiomyopathy (P¼ 0.003), and arrhythmia (P< 0.001). OSA was

also significantly correlated with low socioeconomic status (P < 0.001).

OSA and cardiovascular disease were strongly correlated. As

such, early diagnosis and treatment of OSA may change the course

of both diseases. We suggest that sleep disordered breathing should

be routinely assessed in patients with cardiovascular problems. An

ear–nose–throat evaluation may also be important to rule out

anatomic disorders that cause upper airway obstruction.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common medical
disorder, characterized by cyclic collapse of the upper

airway during sleep, leading to partial or complete cessation
of airflow for 10 seconds or more. The diagnosis is based on
a value of 5 or more per hour on the apnea–hypopnea index,
usually accompanied by a 4% decrease in oxygen desatura-
tion.1 OSA affects 4–24% of men and 2–9% of women in
the United States. It is estimated that 20% of middle-aged
adults have at least mild OSA2 and 80% of cases of OSA
remain undiagnosed.3

There is growing awareness that OSA is related to the
development and progression of cardiovascular diseases.4

However, despite the wealth of pathophysiologic data linking
OSA to cardiovascular risk factors, atrial fibrillation, and
hypertension,5–9 only a few studies have associated OSA
directly to major cardiovascular events, such as myocardial
infarction, stroke, and cardiovascular death, and none of
them was population-based. The aim of the present
epidemiologic study was to evaluate the relationship between
OSA and cardiovascular morbidity in a directly defined
population of patients.

MATERIALS AND METHODS
The Clalit Health Services is the largest of 4 health

maintenance organizations in Israel (4.2 million insured
members nationwide). It maintains a chronic-disease registry
that includes information from a variety of sources: primary-
care physicians, pharmacy claims, laboratory tests, hospitals,
and outpatient clinics. In the present study, we searched the
electronic database of the Central District of Clalit Health
Services for all patients diagnosed with OSA from 2002 to
2010. Patients were identified by crossing data of having a
polysomnography test and then receiving the diagnosis of
OSA by the caring physician. For each patient identified, we
randomly selected another patient matched for age and sex
from among the members of the same health management
organization during the same period who did not have OSA.
The individual files were further reviewed for body mass
index and socioeconomic status (SES), and risk factors for
cardiovascular disease, and for the presence of other
cardiovascular morbidities. Low SES was defined as an
exemption from paying social security tax.

The main outcome measure was the prevalence of cardio-
vascular disorders in patients with OSA compared to controls.
The study was approved by the institutional review board.

Statistical Analysis

Student t test was used to compare continuous variables

between groups, and χ2 test was used for proportions
(STATA 8.0 statistical software, Stata Corp., College Station,
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TABLE 2. Odds Ratios and Adjusted Odds Ratio for
Cardiovascular Risk Factors and Diseases Between Patients
With OSA and Controls

Univariate
Analysis

Multivariate
Analysis

Cardiovascular Risk
Factors and Diseases OR

P
Value*

Adjusted
OR

P
Value*

Type 2 diabetes 1.22 0.001 1.20 0.003
Hyperlipidemia 1.32 <0.001 1.33 <0.001
Systemic hypertension 1.30 <0.001 1.38 <0.001
Ischemic heart disease 1.64 <0.001 1.65 <0.001
Pulmonary hypertension 3.21 <0.001 3.05 <0.001
Congestive heart

failure
1.91 <0.001 1.78 <0.001

Cardiomyopathy 2.21 0.003 2.01 0.011
Atrial fibrillation 1.84 <0.001 1.81 <0.001
Peripheral vascular

disease
1.29 0.052

Smoking 1.06 0.221
Alcohol abuse 0.59 0.07
Carotid disease 1.25 0.154
Cerebrovascular attack 1.27 0.021 1.17 0.147
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TX). To account for repeated testing, only probabilities of
<0.01 (1%) were considered statistically significant. A
logistic regression analysis was performed to adjust for the
simultaneous effects of the various OSA risk factors for
diseases that were significant in the univariate analysis.
Adjustments were made for age, sex, and SES.

RESULTS
The study population included 2797 patients diagnosed with

OSA during the study period and 2791 sex- and age-matched
controls. Table 1 summarizes the demographic characteristics of
the 2 groups. A significant association was found between low
SES and OSA (P< 0.001). Table 2 shows the prevalence rates
and odds ratios for various systemic conditions in the 2 groups.
There was a significant correlation between OSA and cardio-
vascular risk factors such as systemic hypertension (P< 0.001),
hyperlipidemia (P< 0.001), and type 2 diabetes mellitus
(P¼ 0.001), and between OSA and several cardiovascular
disorders, namely, ischemic heart disease (P< 0.001), pulmo-
nary hypertension (P< 0.001), congestive heart failure
(P < 0.001), cardiomyopathy (P¼ 0.011), and atrial fibril-
lation (P< 0.001).

DISCUSSION
The typical patient with OSA may experience anywhere

from 5 to a few dozen episodes of apnea or hypopnea per hour of
sleep. The recurrent respiratory events produce an intermittent
hypoxia and hypercapnia, often accompanied by loud snoring,
which cause brief arousals and marked sleep fragmentation, with
diminished amounts of slow-wave and rapid-eye-movement
sleep.10 Patients are usually unaware of these disruptions, but the
changes in sleep architecture contribute significantly to promi-
nent and chronic daytime sleepiness. There may be no detectable
respiratory abnormality during wakefulness.11,12

The underlying pathophysiology of OSA is complex and
not fully understood. It is generally accepted that the stability
and patency of the upper airway are dependent upon the action
of the oropharyngeal dilator and abductor muscles, which are
normally activated in a rhythmic fashion during each inspi-
ration.13 The upper airway is subject to collapse when the force
produced by these muscles, for a given cross-sectional area, is
exceeded by the negative airway pressure generated by the
inspiratory activity of the diaphragm and intercostal muscles.
Upper airway obstruction can occur if the suction pressure is
too high or the counteracting forces of the muscles dilating the
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upper airway are too weak for any given suction pressure.14

Factors that contribute to or promote upper airway obstruction
include anatomical narrowing of the upper airway, excessive

TABLE 1. Demographics in Patients With OSA and Con-
trols*

Characteristics
OSA

(n¼ 2797)
Control

(n¼ 2791) P Value

Age, y 58.1 58.1 0.947
Male gender (%) 76.6% (654) 76.6% (653) 0.990
Low socioeconomic

status (%)
25.5% (712) 20.8% (582) <0.001

Body mass index 30.2 30.1 0.534

*Groups were prematched for age and sex.
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loss of upper-airway muscle tone, and defective upper-airway
protective reflexes. Accordingly, the relatively high rate of
OSA in obese individuals15 may be attributable to fat deposits
in the pharyngeal walls. The peripharyngeal soft tissue may
increase the external pressure on the pharyngeal walls and
enhance their collapsibility.

Studies suggest that the respiratory effort and negative
intrathoracic pressure typical of OSA may cause a reduction
in venous return. There also appears to be resemblance
between intermittent hypoxia and the ischemic reperfusion
state in terms of the oxidative stress to the heart.16 Thus, OSA
may constitute a significant risk factor for the development of
cardiovascular disease, even in otherwise healthy individuals,
or for the progression of preexisting cardiovascular disease.16

The mechanical, autonomic, and oxidative stresses imposed by
sleep apnea can aggravate myocardial ischemia, cause remo-
deling of the heart, and produce arrhythmias.

The relationship between heart failure and OSA may
also be bidirectional. A high rate of OSA has been noted in
nonobese patients with heart failure and stroke, relative to
the general population.17,18 Peripharyngeal and nasal fluid
accumulation may cause narrowing of the upper airway and
increased upper-airway resistance.19

The present large epidemiologic cohort study examined the
relationship of OSA with cardiovascular disease. The results
revealed a strong correlation between OSA and such cardio-
vascular risk factors as type 2 diabetes, hyperlipidemia, and
systemic hypertension, and between OSA and several cardio-

*Significant findings appear in bold.
vas
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1.
cular disorders, namely, ischemic heart disease, pulmonary
ertension, congestive heart failure, cardiomyopathy, and
ythmia (Table 2).
An independent relationship among type 2 diabetes,
hyperlipidemia, and systemic hypertension has not yet
been proven. However, systemic hypertension has been
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reported in approximately 35% of patients with OSA,20

and several studies found that drug-resistant hypertension
is often caused by OSA and may be partly alleviated by
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treatment of OSA.21–23 Furthermore, in experimental
studies, the induction of intermittent hypoxia or OSA
caused daytime hypertension in rats and dogs.24,25

The association of OSA with ischemic heart disease
probably involves hypoxia-induced stimulation of the
carotid chemoreceptors, leading to sympathetic nerve
activation.16,26 This is followed by an increase in sympa-
thetic outflow,27 with a surge in blood pressure,28 vaso-
constriction, platelet activation,16 increased fibrinogen
level,29 decreased fibrinolytic activity,30 and hyper-
coagulable state31—all factors that may cause or aggravate

ischemic heart disease. Accordingly, Shahar et al32

demonstrated a relationship between sleep-disordered
breathing and coronary artery disease.
Pathological changes such as medial hypertrophy and tunica
intima proliferation have been reported in the distal pulmo-
nary arteries of patients with OSA.33 These changes cause
major increments in pulmonary artery resistance and consi-
derably impede blood flow through the lungs. The charac-
teristics of these pathological processes include hypoxic
vasoconstriction, capillary loss, and inflammation.34 Com-

pensatory changes in the right ventricle lead to ventricular
remodeling and hypertrophy. Left untreated, pulmonary
hypertension may lead to death within 3 years of onset.35,36

Studies found that the presence of OSA was independently
associated with a 2.38-fold increased risk of heart failure13

and that the severity of OSA was a significant predictor of
heart failure in men.32 OSA has been associated with
increased mortality in patients with ischemic heart failure,37

which was mainly attributable to an excess rate of fatal

REF
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arrhythmias. At the same time, fluid retention induced by
heart failure may contribute to tissue bulking and exacerbate
sleep apnea.19

5. OSA may cause or aggravate arrhythmias for several
reasons. During each episode of apnea, there is a rise in
intrathoracic pressure, which places elevated transmural
forces on the heart atria and contributes to atrial chamber
enlargement and fibrosis (“atrial remodeling”).38 This
process is considered to be the anatomical substrate for
atrial fibrillation.39–41 Additionally, the OSA-induced
autonomic imbalance during sleep may decrease baro-
reflex sensitivity and impair the parasympathetic compo-
nents of the heart rate variability system.38 Systemic
hypertension has been strongly correlated to atrial fibril-
lation,42 and pulmonary hypertension is related to atrial
and ventricular distortion.43 Studies have shown an
increased risk of fatal and nonfatal cardiovascular events
in patients with severe OSA.44,45

Interestingly, we observed no significant association
between OSA and either carotid artery disease or cerebro-
vascular accident (CVA). This might be due to CVA generally
being a phenomenon of old age. The mean age of patients with
CVA in the United States is 68.8 years in males46 whereas the
reported life expectancy of patients with OSA is 57 years, with a
gain of 5.4 years after treatment with continuous positive airway
pressure.47 Nevertheless, in an observational control study of
697 patients with OSA, Yaggi et al44 reported that OSA was an
ependent risk factor for stroke and death from any cause. In
ition, there was a significant correlation between the severity
leep apnea and the risk of stroke and death.45
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Very few and confounding data have been reported on
the role of treatment of OSA in alleviating cardiovascular
disease. Marin et al45 showed a beneficial effect of OSA
treatment on cardiovascular outcomes, and several studies
noted that treating patients with OSA with continuous
positive airway pressure can reverse hypercoagulability48,49

and hemodynamic changes50–54 and even reduce the risk of
cardiovascular events.45 However, in one large cohort study,
the risk of stroke and death was not changed in patients
receiving various therapies for OSA.44 The authors suggested
that this finding may be due to long-standing OSA and
irreversible cardiovascular changes, or an insufficient follow-
up period for a definitive conclusion to be reached.

A limitation of the present study, being a large cohort
epidemiologic study, is the fact that OSA was not ruled out in
the control group of patients. However, The incidence of OSA
in the general population was taken into consideration in the
statistical analysis. Another limitation is the observational-
retrospective type of the study.

Considering the strong correlation between OSA and
cardiovascular disease shown in this study, and supported by
previous ones, we suggest that early diagnosis and treatment
of OSA may change the course of both diseases. Therefore,
we encourage physicians to address the issue of sleep-
disordered breathing in the cardiovascular patient. The
routine follow-up of patients with cardiovascular disease
should include a detailed history and a validated quality-of-
life questionnaire such as the Epworth sleepiness scale,55

Cardiovascular Comorbidities of OSA
followed by definitive polysomnography in highly suspect
cases. An ear–nose–throat evaluation is also important to rule

out
 anatomic disorders that cause upper airway obstruction.
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