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INTRODUCTION

Both sleep apnea syndrome and hypertension are subjects that 
have been studied for a long time. Sleep apnea and hypertension 
are known to be closely related to the development of cardiovas-
cular disease, so these diseases must be treated properly [1-3]. 
Moreover, it has been continuously reported that these sleep ap-
nea syndrome and hypertension are highly correlated, and they 
share not only many risk factors such as obesity, but also some 
pathophysiological mechanisms [4]. However, since many other 
factors are also involved between these two diseases, it is difficult 
to say that there is a strong causal relationship between the two 
diseases, but it is clear that the relationship cannot be ignored. 

As the ultimate treatment for hypertension is not simply to low-
er blood pressure, but to prevent cardiovascular diseases such as 
angina, myocardial infarction, stroke, heart failure, arrhythmia, 
and death, sleep apnea treatment aims to prevent lower complica-
tions and mortality by controlling many risk factors including the 
occurrence of hypertension [2,5-7].
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There has also been reported a link between sleep apnea syn-
drome and pulmonary hypertension. Sleep apnea syndrome can 
cause or worsen pulmonary hypertension [8]. Therefore, if the 
cause of pulmonary hypertension is not clear, polysomnography 
can be performed to confirm sleep apnea syndrome, and it has 
been reported that continuous positive airway pressure (CPAP) 
treatment is useful for lowering pulmonary arterial pressure in the 
patients with sleep apnea [9,10].

In this brief review, the relationship between sleep apnea syn-
drome and hypertension is discussed including mechanisms and 
recent important studies.

PATHOPHYSIOLOGIC MECHANISMS 
BETWEEN SLEEP APNEA SYNDROME 
AND HYPERTENSION 

When obstructive sleep apnea occurs due to upper airway ob-
struction during sleep, the sympathetic nervous system is acti-
vated and the level of serum catecholamine and blood pressure 
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growing increasing [11]. At this time, the heart rate changes ac-
cording to the changes in the parasympathetic and sympathetic 
nerves, which may rise or fall. When apnea is started, blood pres-
sure tends to decrease slightly at first. But, while apnea continues, 
blood oxygen saturation (SaO2) gradually decreases, and blood 
pressure and heart rate gradually increases due to activation of 
the sympathetic nervous system. When apnea is over and the 
moment start breathing again, heart rate and blood pressure reach 
the peak, while the blood oxygen concentration becomes the low-
est. At the same time, activation of the sympathetic nervous sys-
tem and arousal during sleep appear repeatedly, and this pattern 
continues to repeat during whole sleep period (Figure 1) [12]. 
In addition, as SaO2 decreases, vasoconstriction of peripheral 
artery and pulmonary artery results increasing peripheral and 
pulmonary vascular resistance. As a result, it causes a reduction 
in left ventricular preload, resulting in a drop in cardiac output 
that is temporary but repeats throughout sleep [13]. When the 
blood pressure rises due to sleep apnea, it affects the barorecep-
tor of the aortic arch and carotid artery and activates the para-
sympathetic nerve, which causes the blood pressure to fall again 
and the respiratory rate to increase. It is believed that continuous 
exposure to sleep apnea leads to a weakening of the compensa-
tion mechanism, making it difficult to properly control blood 
pressure [11].

Therefore, patients with sleep apnea tend to have high overall 
blood pressure during sleep, which is expressed by non-dipper 
patients who do not show a physiological 10–20% decrease in 
blood pressure during sleep. Sleep apnea should be suspected in 
these non-dipper patients [4,14].

SYSTEMIC HYPERTENSION AND SLEEP 
APNEA

Hypertension is a representative controllable risk factor for car-
diovascular disease, and according to the National Health and Nu-

trition Survey, the prevalence of hypertension in adults over the 
age of 30 in Korea is reported as 29.1% [15]. Sleep apnea is diag-
nosed when the apnea-hypopnea index is more than 5 times per 
hour. In Korea, the prevalence rate is about 27% for men and 16% 
for women [16]. It has been continuously reported that hyperten-
sion and sleep apnea are closely related. According to actual epi-
demiological data, the prevalence of sleep apnea in hypertensive 
patients reaches 30–50%, and conversely, the prevalence of hy-
pertension in sleep apnea patients reaches 50% [17,18]. It can be 
inferred that the two diseases are closely associated because the 
prevalence of the two diseases is higher when combined than the 
prevalence of each single disease. 

In a prospective cohort study conducted in Spain, 1889 patients 
with sleep apnea without hypertension were followed up for 12.2 
years, and the incidence of hypertension was higher in patients 
with sleep apnea. The more severe the degree of sleep apnea, the 
higher the incidence of hypertension (Figure 2) and the incidence 
of hypertension is significantly lowered when CPAP therapy is 
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Figure 1. The pattern of continuous and repetitive changes in the sympathetic nervous system, respiration, and BP that occur as a reac-
tion to repeated sleep apnea. As sleep apnea occurs, sympathetic nervous system activation occurs, followed by BP rising. This change 
occurs throughout sleep, and the vertical dotted line shows that the peak in BP and activation of the sympathetic nervous system sud-
denly drop as soon as the respiratory system resumes. SNA: sympathetic nerve activity, OSA: obstructive sleep apnea, BP: blood pres-
sure. Adapted from Somers et al. J Clin Invest 1995;96:1897-1904, with permission of American Society for Clinical Investigation [12].
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Figure 2. The cumulative incidence of hypertension in people who 
do not have sleep apnea and who have not been treated for sleep 
apnea. It can be seen that the more severe the degree of sleep ap-
nea, the higher the incidence of hypertension. OSA: obstructive sleep 
apnea. Adapted from Marin et al. JAMA 2012;307:2169-2176, with 
permission of American Medical Association [19].
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used effectively for more than 4 hours every day [19,20]. 
As such, hypertension and sleep apnea are closely related bidi-

rectional pattern. In hypertensive patients, sleep apnea is likely to 
be accompanied, and conversely, in sleep apnea patients, hyper-
tension is also more likely to be occurred. In particular, as sleep 
apnea is more severe, hypertension is more likely to have oc-
curred. Thus, it is believed that the occurrence of hypertension 
can be reduced if appropriate treatment is accompanied. In con-
clusion, sleep apnea is known as an independent risk factor for 
causing hypertension, and in addition, it is recognized as an in-
dependent risk factor for pulmonary hypertension, stroke, coro-
nary artery disease, arrhythmia, and heart failure. 

RESISTANT HYPERTENSION AND 
SLEEP APNEA

It is known that the prevalence of resistant hypertension accom-
panied by sleep apnea is much higher than that of general hyper-
tensive patients. The reason is that the pathophysiological mech-
anism of resistant hypertension is usually understood as a result 
of changes in the renin-angiotensin-aldosterone axis or excessive 
activation of the sympathetic nervous system, as sleep apnea pa-
tients also share this mechanism. In other words, sleep apnea is 
directly involved in the same mechanism of resistant hyperten-
sion [14]. In fact, a comprehensive epidemiologic study shows 
that sleep apnea is accompanied by about 30% to 50% of patients 
with simple hypertension [18], whereas it is accompanied by a 
very high rate of about 70% to 85% of patients with resistant hy-
pertension [21,22]. There are even studies that report over 90% 
[23]. In addition, sleep apnea is the most common cause of resis-
tance to drug treatment for hypertension, accounting for more 
than half [24]. These patients take more drugs to control blood 
pressure, and complications such as diabetes, cardiovascular dis-
ease, stroke, and chronic kidney failure are known to be more 
prone. Therefore, it is necessary to investigate whether there is 
sleep apnea, one of the biggest causes. Moreover, even if there is 
sleep apnea in these resistant hypertensive patients, it is very com-
mon that there are few subjective symptoms such as daytime 
sleepiness, so do not rely only on the patient’s statement. A sleep 
apnea should be actively questioned through a sleep partner or 
a sleep-related questionnaire, and a polysomnography should be 
performed if necessary.

In patients with resistant hypertension, when sleep apnea is ac-
companied, continuous positive pressure therapy is known to be 
more effective than in patients with simple hypertension. When 
CPAP therapy in patient with simple hypertension was performed, 
systolic and diastolic blood pressure decreased by about 2.6/2.0 
mm Hg, whereas in patients with resistant hypertension, 7.2/5.0 
mm Hg fell, respectively [25]. Therefore, more blood pressure low-
ering effects can be expected when sleep apnea treatment is per-
formed in patients with resistant hypertension (Figure 3) [14]. 
This is thought to be due to the fact that proper sleep apnea treat-
ment reduces the level of aldosterone in addition to the effect of 

lowering the general sympathetic nervous system activation. Even 
if the blood pressure-lowering effect of sleep apnea treatment is not 
as great as expected, considering the long-term prognosis, its pre-
ventive effect of cardiovascular and cerebrovascular diseases can-
not be ignored. Sleep apnea treatment should be considered because 
it is also involved in many other unfavorable mechanisms such 
as inflammatory reactions and vascular endothelial dysfunction.

PULMONARY HYPERTENSION AND 
SLEEP APNEA

Since sleep-disordered breathing was considered as one of the 
secondary causes of pulmonary hypertension at the second Pul-
monary Arterial Hypertension Conference held in 1998, it has 
been classified as ‘Class 3–pulmonary hypertension because of 
lung diseases and/or hypoxia’ [26,27]. It has been recognized as a 
risk factor of pulmonary hypertension, and its prevalence is re-
ported as 20–50% [28,29]. The mechanism by which sleep apnea 
causes pulmonary hypertension is relatively well known, and sev-
eral possible mechanisms are involved. When sleep apnea occurs, 
hypoxia and hypercarbonemia developed, and hypoxia causes 
peripheral pulmonary vasoconstriction, causing pressure of the 
right ventricle to rise. At the same time, when the chest cavity ex-
pands due to upper respiratory stricture, the intrathoracic pres-
sure drops sharply and the right ventricle pressure markedly de-
creases. Under these conditions, blood of the superior and inferior 
vena cava is pushed into right heart at once, and the pressure and 
volume of right ventricle sharply increase, and interventricular 
septum is bulging toward left ventricle. As a result, excessive ex-
pansion of the right ventricle occurs and the left ventricle is com-
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Figure 3. Antihypertensive effects of continuous positive airway 
pressure therapy in patients with resistant hypertension. When 
treated in patients with resistant hypertension, it shows more blood 
pressure lowering effect than in patients with simple hypertension. 
SBP: systolic blood pressure, DBP: diastolic blood pressure. Adapt-
ed from Oscullo et al. J Clin Med 2019;8:1872, under the terms of the 
Creative Commons Attribution (CC BY) license [14].
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pressed, and the left ventricle cannot fully diastole, resulting in a 
decrease cardiac output. Although this phenomenon occurs tem-
porarily, continuous and repeated sleep apnea for a very long pe-
riod of time cause gradual vascular endothelial dysfunction and 
remodeling, and at the same time, left ventricular hypertrophy 
and diastolic dysfunction will occur. Pulmonary hypertension is 
caused by such a pathway, so it is better to understand sleep apnea 
as a disease that corresponds to group 3 pulmonary hypertension 
to some extent, but also to ‘Class 2–pulmonary hypertension be-
cause of left heart disease’.

Regarding treatment, the effect of CPAP therapy for sleep ap-
nea has been reported in several studies and has been reported 
to effectively lower pulmonary arterial pressure. Representatively, 
according to Imran et al. [30], a meta-analysis was conducted to 
investigate how continuous positive pressure treatment affects pul-
monary pressure in patients without heart disease or lung disease. 
A total of 222 subjects, average 52.5 years old patients with pul-
monary hypertension (mean pulmonary arterial pressure=39.3± 
6.3 mm Hg) with severe sleep apnea reported that the pulmonary 
arterial pressure dropped by 13.3 mm Hg in the continuous posi-
tive pressure treatment group. CPAP therapy was found to be ef-
fective in sleep apnea patients with pulmonary hypertension. 
Therefore, if sleep apnea is suspected in patients with pulmonary 
hypertension, polysomnography is recommended.

CONCLUSION

In recent years, the lifespan of humans is increasing, and as a 
result, the prevalence of chronic diseases such as hypertension 
and diabetes is increasing. Sleep apnea has bidirectional relation-
ship with hypertension. In patients with hypertension, the preva-
lence of sleep apnea is significantly higher than that in patients 
without hypertension. Conversely, sleep apnea increases the inci-
dence of high blood pressure. It was found that this also applies 
to the relationship with pulmonary arterial hypertension. If not, 
it is necessary to check if sleep apnea is accompanied. Therefore, 
it is necessary to carefully check whether hypertension occurs in 
patients with sleep apnea. On the contrary, if hypertensive pa-
tients are not treated well, it is necessary to check whether sleep 
apnea is accompanied. Although not mentioned above, many 
studies have concluded that sleep apnea without treatment in-
creases mortality. In conclusion, sleep apnea, like hypertension 
and diabetes, should be considered as a risk factor that may de-
velop cardiovascular disease and physicians must be alert to this.
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