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Obstructive sleep apnea (OSA) is a risk of hypertension and is associated with cardio-

as in Western countries. When blood pressure (BP) is evaluated in OSA individuals
using ambulatory BP monitoring (ABPM), the BP phenotype often indicates abnormal

BP variability, such as increased nighttime BP or abnormal diurnal BP variation, that
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is, non-dipper pattern, riser pattern, and morning BP surge, and all these conditions
have been associated with increased CVD events. Asians have a higher prevalence of
increased nighttime BP or morning BP surge than Westerners. Therefore, this review
paper focused on OSA and hypertension from an Asian perspective to investigate the
importance of the association between OSA and hypertension in the Asian popula-
tion. Such abnormal BP variability has been shown to be associated with progression
of arterial stiffness, and this association could provoke a vicious cycle between ab-
normal BP phenotypes and arterial stiffness, a phenomenon recognized as systemic
hemodynamic atherothrombotic syndrome (SHATS). OSA may be one of the back-
ground factors that augment SHATS. An oxygen-triggered nocturnal oscillometric BP
measurement device combined with a pulse oximeter for continuous SpO, monitoring
could detect BP variability caused by OSA. In addition to treating the OSA, accurate
and reliable detection and treatment of any residual BP elevation and BP variability
caused by OSA would be necessary to prevent CVD events. However, more detailed

detection of BP variability, such as beat-by-beat BP monitoring, would further help to

reduce CV events.

1 | INTRODUCTION

Sleep conditions, such as obstructive sleep apnea (OSA), sleep dura-
tion, and nocturia, are strongly associated with the risk of cardiovas-
cular disease (CVD) events.! The repetitive episodes of breathing
cessation due to upper airway collapse during sleep in individuals with
OSA confer a risk of hypertension and are also associated with organ
damage and CVD events.®® As in Western countries, the prevalence of
OSA s high in Asia.?”*° The termination of an episode of apnea or hypo-
pnea in OSA causes an acute and transient rise in BP. Conventionally,
ambulatory blood pressure monitoring (ABPM) is the gold standard for
measuring nighttime BP. However, ABPM by itself is not sufficient for
detecting this transient BP elevation during sleep in OSA. To obtain BP
readings induced by an OSA episode in a clinical setting, we developed
an oxygen-triggered nocturnal BP (TNP) monitoring method that initi-
ates measurements when oxygen desaturation occurs.}1:12
Continuous positive airway pressure (CPAP) is the primary therapy
for patients with severe OSA.*>® However, hypertensive patients with
severe OSA are sometimes asymptomatic. Since non-symptomatic
OSA patients often have poor compliance for continuing CPAP ther-
apy, we need to manage and select alternative treatments. This review
provides current information on the pathophysiology, BP assessment,

and treatment of hypertension with OSA. (Table 1)

2 | CHARACTERISTICS OF OSA IN ASIA

Obesity is one of the most important risk factors for OSA. Although
the degree of obesity is lower in Asians than Caucasians, OSA is a com-

mon disease in both populations. Recent data showed that the country

TABLE 1 Main points of this review
The prevalence of obstructive sleep apnea (OSA) is high in Asia as in
Western countries.

OSA may be one of the predisposing factors for systemic
hemodynamic atherothrombotic syndrome.

OSA induces transient blood pressure (BP) elevation during sleep.
The oxygen-triggered nocturnal BP monitoring method that we
developed may detect this BP variability.

Continuous positive airway pressure is an established treatment for
the symptoms of OSA regardless of the presence or absence of
hypertension. Catheter-based renal sympathetic denervation
may be an alternative treatment to achieve BP reduction in
patients with OSA.

with the highest prevalence of OSA is China, followed in order by the
United States, India, and Brazil. The numbers of individuals with an
apnea-hypopnea index (AHI) 215/hr were 66 million, 54 million, 29 mil-
lion, and 20 million, respectively.13 However, in other Asian countries,
the prevalence of OSA is still high in the population aged 30-69 years
(Figure 1).13 Abnormalities in craniofacial structure are also an impor-
tant factor in OSA. When comparing Asians with Caucasians, Asians
have a shorter cranial base, and shorter maxilla and mandible length
after matching body mass index (BMI) or severity of OSA.* Because of
the high prevalence of OSA and the association of OSA with CV risk in
Asia, the diagnosis and treatment of OSA are important.

3 | OSA AND HYPERTENSION

Obstructive sleep apnea syndrome (OSAS) is one of the causes

of secondary and resistant hypertension. There are several
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FIGURE 1 Prevalence of obstructive
sleep apnea with AHI > 15 events per hr
in the population aged 30-69 years by
country or region
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pathological mechanisms causing hypertension in individuals with
OSA. Intermittent arousal or hypoxia, especially in the presence of
hypercapnia, as well as the initiation of elevation of sympathetic
nervous system activity and decreased parasympathetic nervous
activity, all can result in vasoconstriction and increased BP and
heart rate (HR). Moreover, large intrathoracic pressure swings may
increase cardiac preload and afterload, which also result in BP eleva-
tion. Chronically, prolonged hypoxia induces activation of oxidative
stress, systematic inflammation, and endothelial dysfunction, which
are also linked to elevation of BP and thereby to hypertension. Peter-
Derex L et al'® outlined the comprehensive mechanism underlying
the association between OSA and wake-up stroke, which is defined
as the situation where a patient awakens with stroke symptoms that
were not present prior to falling asleep. That paper demonstrated
that the main mechanisms responsible for the occurrence of wake-
up stroke are hypertension, arterial fibrillation, a hypercoagulable
state, decreased cerebral vasoreactivity, and right-to-left shunting
with subsequent paradoxical embolism in the case of the patients
with patent foramen ovale caused by OSA. Although their review
was intriguing, there may be racial differences in some of these con-
ditions, such as a hypercoagulable state'® and the prevalence of pat-
ent foramen ovale.”” Further studies will be needed to determine
whether a comprehensive mechanism underlying the association
between OSA and wake-up stroke exists in Asian populations.
When BP is evaluated in individuals with OSAS using ambu-
latory BP monitoring (ABPM), the resulting BP phenotype often
indicates abnormal BP variability, increased nighttime BP, or ab-
normal circadian BP variation, that is, a non-dipper or riser pattern
(Figure 2).*%% These abnormal BP variabilities have been associ-
ated with the progression of arterial stiffness, and this association

‘ Obstructive sleep apnea ‘

‘ Intermittent hypoxia ‘

‘ Sympathetic nervous activation ‘

BP phenotype of obstructive sleep apnea in ABPM

| Abnormal circadian BP variation (non-dipper, riser) |

]

I 1
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BP variability

Nocturnal
hypertension

|

-
N
=]

Blood pressure (mmHg)

FIGURE 2 Obstructive sleep apnea and blood pressure
phenotype observed in ABPM. ABPM indicates ambulatory blood
pressure monitoring; BP, blood pressure

could provoke a vicious cycle between abnormal BP phenotypes
and arterial stiffness, a phenomenon that is now recognized as
systematic hemodynamic atherothrombotic syndrome (SHATS).?°
OSA may be one of the predisposing factors for SHATS. As an ex-
planation for the association between OSA and the risk of cardio-
vascular events, it is plausible that BP elevation and abnormal BP
variability lead to cardiovascular events. However, further studies
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will be needed to clarify whether it is the BP elevation and abnor-
mal BP variability caused by OSA that contribute to cardiovascu-
lar events or whether it is merely the presence of OSA itself that
causes CV events.

Over the last two decades, several studies have reported on the
association between OSA and an abnormal dipping BP pattern as
assessed by ABPM in the Japanese population. Akashiba et al ex-
amined whether a dipping BP pattern could be modified by CPAP
treatment in 38 Japanese patients with severe OSA (AHI = 30
events/hr and severe arterial oxygen desaturation [SaO, < 75%)]).
They found that, after CPAP treatment for 3 days, both daytime
BP and nighttime BP as assessed by ABPM were significantly re-
duced, and 15 of 22 participants who were non-dippers before
CPAP treatment became dippers.?! In regard to the association
between dipping BP patterns and OSA in Western populations,
the Wisconsin Sleep Cohort Study examined 323 employees who
performed the overnight sleep study protocol at baseline, and
ABPM was performed twice or more during follow-up (average
7.2 years). The results showed that the individuals with AHI of 5 to
15 events/hr had a threefold increased risk of developing a non-
dipper pattern.22 In an open-label, randomized, multicenter clinical
trial of patients with OSA on the Spanish Resistant Hypertension
Registry who did or did not receive 12 weeks of CPAP treatment,
the patients who received the CPAP treatment had significantly
reduced 24-hr BP levels and significantly increased prevalence of
the dipper pattern compared to those without CPAP treatment.?®
Recently, in 541 Japanese patients with severe OSA (AHI > 30
events/hr) diagnosed using polysomnography and ABPM, the
cumulative percentage of time at a saturation below 90% was
found to be an independent risk factor for the non-dipper and
riser pattern in the younger group (<60 years of age).24 Cuspidi
et al®® reported that in a meta-analysis including 1562 patients
with OSA and 957 non-OSA controls from 14 studies, including
the paper mentioned above, OSA significantly increased the risk
of non-dipper status by approximately 1.5-fold. However, to our
knowledge there has been no study investigating whether the
improvement of abnormal diurnal BP variation contributes to a
reduction in the progression of organ damage or cardiovascular
events.

In addition, primary aldosteronism (PA) is known to be a cause of
secondary and resistant hypertension. Li et al?® reported that snor-
ing patients with PA had a higher prevalence of moderate-to-severe
OSAS. Therefore, we need to take care not to overlook the presence
of OSA in patients with PA.

4 | OSA AND BP SURGE

Currently, to detect transient BP elevation at the time of an apneic
episode, invasive or complicated BP measurements such as periph-
eral arterial tonometry are needed. A new TNP system that com-
bines an oscillometric BP measurement device (HEM-780 system;
Omron Healthcare Co., Ltd., Kyoto, Japan) with a pulse oximeter for

continuous SpO2 monitoring is now available for use.**? During
sleep, the oxygen-triggered function initiates 3 BP measurements
at 15-second intervals when the SpO2 level falls below a variable
threshold. Previously, we reported the case of a 36-year-old male
patient with severe OSA (AHI 75.5/hr) who experienced the recur-
rence of stroke while using this system. Under antihypertensive
medication (telmisartan 40 mg, amlodipine 5 mg, and bisoprolol
5 mg), an office BP level of less than 140/90 mmHg was achieved in
this patient. However, the maximum SBP triggered by hypoxia using
this TNP system was 209 mmHg.27

In a related study, we used the TNP system to investigate the
association between the BP level triggered by hypoxia during an
apneic episode and the characteristics of the preceding apneic
episode in 42 patients with OSA (average age 62 years; averaged
AHI 32.6/hr). We found that rapid eye movement (REM) sleep and
severe oxygen desaturation were associated with the extent of
BP surge triggered by hypoxia during the apneic episode.'? These
results indicate that BP surge from midnight to early morning may
confer a risk of CVD events associated with OSA, because REM
sleep is mostly concentrated in the second half of the sleep pe-
riod. Elevated nighttime BP, morning hypertension, and exagger-
ated morning BP surge are the characteristics of hypertension in
OSA, and all three have been associated with target organ damage
and CVD incidence.?®*° Asian individuals have higher nighttime
BP and morning BP surge than their Western counterparts.3%%2
When morning hypertension or morning BP surge is detected, we
need to consider the presence of OSA, and this may be of particu-
lar importance in the Asian population.

As mentioned above, ABPM would be a more suitable ap-
proach to gain detailed information on BP during the nighttime,
when OSA episodes occur, compared to home BP measurement,
because there is not enough evidence about nighttime BP as-
sessed by home BP monitoring. However, we recently reported
that nighttime BP assessed by home BP monitoring was associ-
ated with a risk of CVD incidence in a Japanese clinical popula-
tion.?? Another noninvasive technique is based on the method
of pulse transit time (PTT) for the assessment of BP variability,
although this method awaits appropriate validation according to
international protocols. Most recently, Misaka et al reported on
the association between BP variability measured using PTT and
subclinical organ damage in 242 Japanese patients with suspected
sleep-disordered breathing. Their results demonstrated that the
PTT index was significantly associated with AHI, ODI, and mini-
mal SpO,. In addition, very short-time BP variability defined as a
standard deviation of the diastolic BP component of the PTT index
was shown to be associated with the presence of chronic kidney
disease and cardiac hypertrophy.*®

5 | TREATMENT

As the primary treatment for OSA, exercise, especially aerobic exer-
cise, is recommended, and exercise would also contribute to weight
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loss, which would result in positive effects on multiple cardiovas-
cular and metabolic diseases. CPAP is an established treatment for
the symptoms of OSA regardless of the presence or absence of
hypertension. However, the use of CPAP for the purpose of reduc-
ing BP in hypertensive patients with OSA has been debated. The
2017 AHA/ACC BP guideline mentions that the effectiveness of
CPAP for reducing BP is not well established in adults with hyper-
tension and OSA (class 11b).3* Non-symptomatic OSA patients also
have poor compliance for continuing CPAP therapy. Hypertensive
patients with OSA are sometimes asymptomatic for OSA, and poor
compliance with CPAP is associated with resistant hypertension.®”
However, as described in the clinical case of a patient with hyperten-
sion and symptoms of OSA, CPAP can achieve a dramatic improve-
ment of symptoms and reduction in BP. Adding lifestyle modification
to CPAP therapy is also important for BP reduction in OSA patients.
For increased CPAP adherence, appropriate education, monitor-
ing of CPAP use, and behavioral intervention are needed. Chirinos
et al compared CPAP therapy, weight-loss therapy, and CPAP plus
weight-loss therapy in terms of their ability to reduce office BP in
patients with severe OSA and obesity. Although all three groups
showed office BP reduction, the per-protocol analysis, which also
took into consideration the compliance with CPAP use, showed that
only the group with CPAP treatment alone showed a reduction in of-
fice BP at the 24-week follow-up. Thus, an individualized approach
would be needed for the treatment of hypertension with OSA.

The mandibular advancement device (MAD) is an alternative
option for OSA treatment in patients who are unable to tolerate
CPAP. In a recent network meta-analysis comparing the effect of
CPAP, MAD, or an inactive control on office BP, CPAP, and MAD
were associated with a reduction in office SBP of 2.5 mmHg (95%
Cl, 1.5-3.5 mmHg, p < .001) and 2.1 mmHg (95%Cl, 0.8-3.4 mmHg,
p = .002), respectively, compared with the inactive control in those
with OSAS (AHI > 5/hr). However, there was no significant differ-
ence between CPAP and MAD in terms of reduction in office SBP.%¢

Catheter-based renal sympathetic denervation (RDN) may be
an alternative treatment for BP reduction in those with OSA. As
described above, increased sympathetic nervous activity plays a
key role in BP elevation in individuals with OSA. Therefore, RDN
may be useful for BP reduction in OSA patients with hypertension.
This concept was partly confirmed in the post hoc analysis of the
Symplicity HTN-3 study, which failed to demonstrate superiority
of RDN over a sham catheter control in terms of lowering office or
ambulatory BP. Recently, Warchol-Celnska et al reported the re-
sults of a randomized trial on the effect of RDN on office and am-
bulatory BP in patients with resistant hypertension coexisting with
moderate-to-severe OSA (AHI = 15/hr). At 3 months of follow-up,
RDN reduced office SBP, 24-hr SBP, daytime SBP, and nighttime
SBP by -22 mmHg, -12 mmHg, -14 mmHg, and -9 mmHg, respec-
tively, while no reduction was seen in the control (non-sham cath-
eter) group.’” In our 2 cases of resistant hypertension with mild
OSA, RDN reduced the BP surge triggered by hypoxia during sleep
using this TNP system.38 Recently, Chen et al® reported that CPAP
treatment may be effective in lowering daytime BP in patients with

a faster pulse rate, nocturnal hypertension, and moderate-to-severe
OSA. That study also suggested that the presence of increased sym-
pathetic nervous activity may be important for the BP-reducing ef-
fect of OSA treatment.

There are several studies about the association between differ-
ent antihypertensive drugs and BP reduction in patients with OSA.
When considering the mechanism underlying the BP elevation in
OSA patients, sympatholytic antihypertensive drugs may be the
most useful. Kraiczi et al reported a comparison of atenolol (50 mg),
amlodipine (5 mg), enalapril (20 mg), hydrochlorothiazide (25 mg),
and losartan (50 mg) on ambulatory BP in patients with hypertension
and OSA (AHI = 10/hr). Their results showed that atenolol achieved
the greatest reduction, lowering nighttime SBP by -13.3 mmHg
and DBP by -10 mmHg, followed by hydrochlorothiazide (SBP,
-8.5 mmHg; DBP, -5.8 mmHg).*°

6 | CONCLUSIONS

In both Asian and Western populations, OSA is highly prevalent and
constitutes a major problem because of its association with hyper-
tension and CVD events. OSA can lead to BP surges during sleep,
which are associated with target organ damage and may trigger
CVD events. However, the BP variability associated with OSA may
be overlooked by the traditional methods, such as ABPM or TNP
systems. More recently developed wearable devices that allow non-
invasive, cuff-less, beat-by-beat BP measurements may help to solve
this problem. Accurate and reliable detection and treatment of BP
elevation and BP variability caused by OSA are important goals in
the prevention of CVD events. While the present work showed that
BP readings induced by an OSA episode can be obtained using the
proposed method, future research should be done to further evalu-
ate the effectiveness of this approach for detecting BP elevation

during sleep, as well as to discover its limitations.
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