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Obstructive sleep apneas syndrome (OSAS) is associated
with nocturnal hypertension with higher sleep blood pressure
(BP) and its variability, both of which increase cardiovascular
risk. In this crossover design study, the effect of nighttime
single-dose administration of vasodilating (nifedipine 40 mg)
vs sympatholytic (carvedilol 20 mg) antihypertensive agents
onsleep BP in 11 hypertensive OSAS patients was evaluated.
The authors recently developed a trigger sleep BP monitor
with an oxygen-triggered function that initiates BP measure-
ment when oxygen desaturation falls. The BP-lowering

effects of nifedipine on the mean (P<.05) and minimum sleep
systolic BPs (SBPs) (P<.01) were stronger than those of
carvedilol. Sleep SBP surge (difference between the hypoxia-
peak SBP measured by oxygen-triggered function and SBPs
within 30 minutes before and after the peak SBP) was only
significantly reduced by carvedilol (P<.05). The nighttime
dosing of both vasodilating and sympatholytic antihyperten-
sive drugs is effective to reduce sleep BP but with different
BP-lowering profiles. J Clin Hypertens (Greenwich).
2014;16:459-466. ©2014 Wiley Periodicals, Inc.

Obstructive sleep apnea syndrome (OSAS) is the most
frequent cause of secondary hypertension and resistant
hypertension, and it is also a risk factor for cardiovas-
cular events, particularly those that occur during
sleep.’ Population-based and clinical studies have
demonstrated that sleep blood pressure (BP) and sleep
BP variability are more important for predicting car-
diovascular events than awake BP and awake BP
variability.®” Patients with hypertensive OSAS are likely
to exhibit a nondipper/riser pattern of nocturnal hyper-
tension, often with increased sleep BP variability.?
Ambulatory BP monitoring (ABPM) has historically
been the gold standard for measuring BP during sleep.
However, self-measured home BP monitoring can also
be used to evaluate sleep BPé with results that are
comparable to those of ABPM.® The drawback of both
monitoring methods is that they use fixed-interval
measurement, and thus cannot specifically detect
OSAS-related BP variability.” Recently, we developed
a trigger sleep BP monitoring (TSP) method, which is
based on the automated fixed-interval measurement
function with an additional oxygen-triggered function
that initiates BP measurement when oxygen desatura-
tion falls below a set variable threshold continuously
monitored by pulseoximetry.>'%!" A previous study of
noninvasive continuous BP monitoring using a Finapres

*These authors contributed equally.

Address for correspondence: Kazuomi Kario, MD, PhD, Jichi Medical
University School of Medicine, Division of Cardiovascular Medicine,
Department of Medicine, 3311-1, Yakushiji, Shimotsuke, Tochigi, 329-
0498, Japan

E-mail: kkario@jichi.ac.jp

Manuscript received: November 14, 2013; revised: February 11, 2014;
accepted: February 14, 2014
DOI: 10.1111/jch.12327

device (Amsterdam, Netherland) demonstrated a sleep
BP surge just after each episode of sleep apnea BP in
patients with OSAS.” TSP is more convenient than
Finapres for the clinical assessment of different sleep BP
profiles, including mean sleep BP, hypoxia-related peak
sleep BP, basal (minimum) sleep BP, and sleep BP surge
in patients with OSAS. Neither previous home BP
monitoring nor ABPM could detect the peak sleep BP or
the sleep BP surge, both of which have been specifically
related to hypoxia caused by individual sleep apnea
episodes. Exaggerated sleep BP surge may trigger sleep-
onset cardiovascular events, including wake-up stroke,
in patients with OSAS.'*13

In this crossover study using the TSP, we evaluated
the effects of bedtime dosing of vasodilating (nifedipine,
a calcium channel blocker [CCB]) vs sympatholytic
(carvedilol, a nonselective B-blocker/a-blocker) antihy-
pertensive agents on the sleep BP profile in patients with
hypertensive OSAS.

METHODS

Study Design

The Effects of Vasodilating vs Sympatholytic Antihy-
pertensives on Sleep Blood Pressure in Hypertensive
Patients With Sleep Apnea Syndrome (VASSPS) was
conducted in a prospective, randomized, parallel-group
crossover design (Figure 1). After a 2- to 8-week run-in
period after baseline overnight TSP and polysomnogra-
phy, a single-dose of nifedipine (slow-release) 40 mg or
carvedilol 20 mg was randomly administered after
dinner at 6 pM, and overnight TSP and polysomnogra-
phy were performed. After a 2 week-washout period,
the first drug was changed to a drug from a different
class, and the TSP and polysomnography were con-
ducted in the same fashion.
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1%t Drug 2™ Drug
Group 1 Nifedipine Carvedilol
P 40mg (n=5) 20mg
Run-in Washout
Period Period
(2-8 weeks) (2 weeks)
Carvedilol Nifedipine
Group 2 20mg (n=6) 40mg
Baseline TSP TSP just after TSP just after
single-dose single-dose
administration of administration of
the 15t drug the 2M drug

FIGURE 1. Crossover design of this study. A single dose of
nifedipine 40 mg or carvedilol 20 mg was randomly administered at
6 pm, and trigger sleep blood pressure monitoring (TSP) and
polysomnography were initiated at 7:30 pm. After a 2-week washout
period, the first drug was changed to a drug from a different class,
and the TSP and polysomnography were conducted in the same
fashion.

The ethics committee of the internal review board of
the Jichi Medical University School of Medicine, Toch-
igi, Japan, approved the protocol, and written informed
consent was obtained from all patients who enrolled in
the study. The study protocol was registered on a
clinical trials registration site (University Hospital
Medical Information Network Clinical Trials Registry:
#UMINO000010600).

Study Patients

The 11 hypertensive patients with OSAS (apnea hyp-
opnea index [AHI| >15 per hour) were recruited
between July 2009 and November 2012 and met all of
the following criteria: (1) previous diagnosis by poly-
somnography, (2) unwillingness to receive continuous
positive airway pressure (CPAP), and (3) sleep BP
(measured by ABPM) >120/70 mm Hg. Exclusion
criteria were treatment with sympatholytic agents,
treatment with bedtime dosing of antihypertensive drug,
and malignancy, renal failure (serum creatinine
>2.0 mg/dL), or severe liver dysfunction. The patients’
characteristics are shown in Table I. All patients were
taking >1 antihypertensive drug except sympatholytic
drugs (a- or B-blockers).

Trigger Sleep BP Monitoring

Simultaneous TSP and full polysomnography were
conducted in the sleep laboratory of the Washiya
Hospital (Utsunomiya, Japan). TSP can evaluate differ-
ent sleep BP profiles, including mean sleep BP, hypoxia-
related peak sleep BP, basal (minimum) sleep BP, and
sleep BP surge in patients with OSAS. Briefly, TSP
measures BP on the basis of (1) the automated fixed-
interval (30 minutes) measurement function (the same
function as ABPM) to calculate mean sleep BPs, and (2)
the oxygen-triggered function that initiates BP measure-
ment when oxygen desaturation falls below a set
variable oxygen threshold continuously monitored by
pulseoximetry to calculate hypoxia-related peak sleep

TABLE |. Baseline Characteristics of 11 Study
Hypertensive Patients With Obstructive Sleep Apnea
Syndrome

Mean+Standard

Characteristic Deviation or %

Age, y 64.8+12.5
Men, % 72.7
BMI, kg/m? 25.842.4
Current smokers, % 18.2
Habitual drinkers, % 45.5
Hyperlipidemia, % 54.4
Diabetes, % 18.2
History of angina, % 18.2
History of myocardial infarction, % 18.2
History of stroke, % 18.2
Total cholesterol, mg/dL 180.7+20.2
HDL cholesterol, mg/dL 52.8+8.2
Glucose, mg/dL 104.7+30.0
Creatinine, mg/dL 0.83+0.17
eGFR, mL/min/1.73 m? 69.0+13.6
Antidiabetic drug, % 9.1
Lipid-lowering drug, % 27.3
Statin, % 27.3
Antihypertensive drugs

Number of antihypertensive drugs 1.72+1.0

Calcium channel blockers 54.4

(dihydropyridines), %
Angiotensin-converting 18.2
enzyme inhibitors, %
Angiotensin Il receptor blockers, % 72.7
Diuretics, % 36.4

Abbreviations: BMI, body mass index; eGFR, estimated glomerular
filtration rate; HDL, high-density lipoprotein.

BP. Detailed information on TSP, including the algo-
rithm used to calculate the variable threshold, is given
elsewhere.'®!!

Home Information Technology-Based TSP

Finally, we introduced TSP techniques into the home
information technology (IT)-based TSP (HITS) with a
3G data communication system (Figure S1). The HITS
system is a cloud computing-based composite manage-
ment and analysis system for data sent directly from the
HITS device at the patient’s home.

Definition of Sleep BP Parameters

We defined the sleep systolic BP (SBP) surge as the
difference between the maximum SBP measured by an
oxygen-triggered function (hypoxia-peak SBP) and the
average of the SBPs measured by a fixed-interval function
within 30 minutes before and after the hypoxia-peak SBP
(Figure 2). Mean sleep BP was the average of the sleep BPs
measured only by the fixed-interval function. Basal SBP
was the lowest SBP among all the sleep BPs measured by
both oxygen-triggered and fixed-interval functions. Cal-
culation of these variables was performed without knowl-
edge of the treatment that each patient had received.
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FIGURE 2. Definition of sleep blood pressure (BP) parameters
measured by trigger sleep BP monitoring. SpO, indicates oxygen
saturation monitored by pulse oximetry; SBP, systolic blood
pressure. Closed circles indicate SBP measured by oxygen-
triggered function, and open boxes indicate SBP measured by the
fixed-interval function. Sleep SBP surge=difference between the
maximum SBP measured by oxygen-triggered function (hypoxia-
peak SBP) and fixed-interval function-measured SBP measured
within 30 minutes before and after the hypoxia-peak SBP. Mean
sleep BP=the average of the sleep BPs measured only by the fixed-
interval function. Basal SBP=the lowest SBP among all the sleep
BPs measured by both triggered and fixed-interval functions. The
hypoxia-peak SBPs were detected at the time of the severe hypoxic
episodes <60% of SpOs,.

Statistical Analysis

Data were expressed as meanststandard deviations
(SDs) or percentages. Paired ¢ tests were used for
comparison of the mean values between two phases.
Associations/differences with a P value <.05 (two-
tailed) were considered to be statistically significant.
All statistical analyses were performed with SPSS
version 15 (IBM, Armonk, NY).

In this study, we used the maximum single dose of
each drug (40 mg for nifedipine [slow-release] and
20 mg for carvedilol) permitted in Japan. Power calcu-
lations were originally based on an expected average
difference of SBP fall between two drugs of 10 mm Hg
(SD 10 mm Hg), because one comparative study dem-
onstrated that the SBP-lowering effect of slow-release
nifedipine 20 mg to 40 mg was comparable to that of
carvedilol 25 mg to 50 mg.'* The half-lives of nifedi-
pine (slow-release) and carvedilol are 8.1 hours and
7.7 hours, respectively. Both are relatively short-acting
and their pressure-lowering effect cover during the
nighttime period. We needed a total of 10 patients to
have 80% power for SBP at P<.05.

RESULTS

At baseline, hypoxia-related peak sleep SBP (maximum
SBP measured by an oxygen-triggered function) was
markedly higher (by 27.4 mm Hg) than mean sleep SBP

(the average of sleep SBPs measured by a fixed-interval
function) (Table II).
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Figure 3 demonstrates the time-trend data of oxygen
saturation and sleep SBP measured by TSP in a patient
with hypertensive OSAS. In addition to the mean sleep
SBP, the excess sleep SBP surges around the period of
the extended hypoxia were suppressed by nighttime
dosing of both carvedilol and nifedipine.

The nighttime single-dose administration of both
nifedipine and carvedilol markedly lowered both mean
sleep SBP and hypoxia-related peak sleep SBP, as well as
morning BPs (the average of the 3 measures after
awakening), while the AHI was not changed by either
drug (Table II).

The BP-lowering effect of nifedipine on the mean
sleep SBP (P<.05) and the basal (minimum) sleep SBP
(P<.01) was greater than that of carvedilol (Table II),
while that on the hypoxia-peak sleep SBP was compa-
rable between the two drugs.

Sleep SBP surge (the difference between the hypoxia-
peak SBP and SBPs within 30 minutes before and after
the hypoxia-peak SBP) was reduced only by carvedilol
(P<.05), and the difference in this parameter between
the two drugs was not significant (Table II). Sleep pulse
rates measured both by fixed-interval function and by
oxygen-triggered function and the minimum pulse rate
were significantly reduced by carvedilol, while these
measures were not changed by nifedipine (Table II).
There was no significant difference in the effect on these
sleep BP indexes between the nifedipine first-started
group and the carvedilol first-started group. Approxi-
mately half (54.4%) of study patients were already on
morning administration of CCBs while no patient was
taking B-blockers; however, there was no difference in
the effects of nifedipine on sleep BP indexes between
patients with or without concomitant CCB administra-
tion (data not shown).

Figure 4 shows the sleep BPs measured by HITS in a
hypertensive patient with OSAS. The results showed
that HITS was effective for daily sleep BP monitoring
and could detect repeated and day-to-day variability in
mean sleep BP and the hypoxia-peak sleep BP under
different daily oxygen desaturation indexes (number per
hour of oxygen desaturation >4%), of which would be
extensively affected by daily environmental changes
such as alcohol intake, daytime stress, and sleep quality.

DISCUSSION

Novelty of the New Device

In this study, we have newly developed the TSP with an
oxygen-triggered function, which could measure sleep
BPs to characterize the drug pharmacokinetics in
patients with OSAS. The TSP-detected sleep BP vari-
ability in the patient with OSAS was more clear than
conventional fixed-interval BP measurements. By using
this device, we defined the “sleep SBP surge” for the first
time as the difference between the hypoxia-related peak
SBP and the average of SBPs within 30 minutes before
and after the hypoxia-peak SBP.
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TABLE Il. Trigger Sleep Pressure Monitoring-Measured Blood Pressure Parameters and Polysomnography
Parameters at the Baseline and Carvedilol- or Nifedipine-Administered Nights in Hypertensive Patients With
Obstructive Sleep Apnea Syndrome
Baseline Carvedilol Added Nifedipine Added
Blood pressure parameters
Nighttime
Fixed-interval function
Mean SBP, mm Hg 137.3+9.1 121.8+8.3% 112.8410.7%°
SD of SBP, mm Hg 11.5+2.2 10.8+2.5 11.0+2.2
Mean DBP, mm Hg 81.1+7.4 72.5+5% 66.6+6.3*°
Mean PR, beats per min 59.8+9.4 57.2+7.89 62.4+8.1°
Oxygen-triggered function
Maximum SBP, mm Hg 164.7+15.2 143.0+12.7° 138+22.4
Mean SBP, mm Hg 142.8+11.4 120.0+8.0% 114.2+12.52
SD of SBP, mm Hg 10.3+4.3 9.8+3.4 9.4+3.2
Mean DBP, mm Hg 85.2+8.0 71.1+£5.32 67.2+6.9%
Mean PR, beats per min 63.0+8.7 59.1+7.7° 64.5+7.4°
Sleep SBP surge, mm Hg 30.8+12.7 18.6+7.8¢ 22.1+16.8
Minimum (basal) sleep SBP, mm Hg 113.6+9.6 99.6+9.5% 88.6:14.6*°
Minimum sleep PR, beats per min 53.4+8.1 49.5+7.1f 54.84+7.5°
Morning
SBP, mm Hg 150.8+12.3 137.4+10.51 118.24+15.7%°
DBP, mm Hg 86.4+10.6 79.946.6° 69.9+9.2%°
PR, beats per min 61.8+9.6 57+8.2° 64.7+10°
Polysomnography parameters
AHI (per h) 26+13.1 28.5+13.4 33.1+12.2
Apnea index (per h) 9+9.7 7.6+5.6 8.8+6
Arousal index (per h) 25.7+7.3 22.1+7.9 24.2+13.9
SpO, <90%, % 11.7+125 11+6.8 12.3+12.6
Lowest SpO,, % 75.5+6.7 72.5+6.9 73.6+10
Abbreviations: AHI, apnea hypopnea index; DBP, diastolic blood pressure; PR, pulse rate; SpO,, oxygen saturation. Date are shown as mean+standard
deviation. Sleep blood pressure (BP) surge is defined as the difference between the maximum systolic BP (SBP) measured by oxygen-triggered function
(hypoxia-peak SBP) and the average of BPs measured by the fixed-interval function within 30 minutes before and after the hypoxia-peak SBP. *P<.001,
9p<.05, and P<.01, vs baseline, by paired t test; °P<.05, °P<.01, and °P<.001, vs carvedilol-added phase, by paired t test.

This crossover study using the newly developed device
clearly demonstrated that the nighttime single-dose
administration of both vasodilating and sympatholytic
antihypertensive drugs markedly lowered the mean
sleep BP and the hypoxia-related peak sleep BP in
hypertensive patients with OSAS, while the AHI was
not changed by either agent. There were several inter-
esting differences in the sleep BP-lowering effects
between the two antihypertensive drugs. The BP-lower-
ing effect of nifedipine on the mean sleep SBP and the
basal sleep SBP was stronger than that of carvedilol,
while that on the hypoxia-related peak sleep SBP was
comparable between the two drugs. Finally, we found
that only carvedilol reduced sleep SBP surge.

Mean Sleep BP

The mean sleep BP was markedly reduced by nighttime
single-dose administration of both nifedipine and carv-
edilol, but was more extensively lowered by nifedipine
(by >20 mm Hg systolic) than carvedilol (by
>15 mm Hg systolic). The mean sleep BP measured by
the fixed-interval (30 minutes in this study) function of
TSP is the same as the gold standard sleep BP measured

by conventional ABPM. Sleep BP measured by ABPM is
well-known to be more closely associated with cardio-
vascular risk than awake BP, particularly in medicated
patients.” In addition, nondipper/riser-type nocturnal
hypertension is closely associated with target organ
damage and cardiovascular events in both community-
dwelling normotensive patients and hypertensive out-
patients.”">'® Thus, our results support the idea that
nighttime administration of either a vasodilating or
sympatholytic antihypertensive drug might be recom-
mended for the management of hypertensive patients
with OSAS in order to reduce cardiovascular risk.

The previous results on the BP-lowering effects of
different classes of antihypertensive drugs are inconsis-
tent."”?° One study demonstrated that a B-blocker
achieved significantly greater reductions in sleep SBP
and diastolic BP than a CCB, an angiotensin-converting
enzyme inhibitor, or an angiotensin receptor blocker, but
found no significant difference between the B-blocker and
diuretics.'” Monotherapy, including monotherapy with a
B-blocker, reduces daytime BP but is insufficient to
control sleep BP.'” However, these studies employed
morning administration of antihypertensive drugs.
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FIGURE 3. Time-trend data of oxygen saturation and sleep systolic blood pressure measured by trigger sleep blood pressure monitoring in a
hypertensive patient with sleep apnea syndrome. SpO indicates oxygen saturation monitored by pulse oximetry; SBP, systolic blood pressure.
The closed circles indicate SBPs measured by an oxygen-triggered function, and open boxes indicate SBPs measured by the fixed-interval (30
minutes) function. In addition to the mean sleep SBP, the excess sleep SBP surge around the period of the extended hypoxia was suppressed
by nighttime administration of a single-dose of both carvedilol and nifedipine.

Hypoxia-Related Peak Sleep BP and Sleep BP Surge
In addition, nighttime dosing of either nifedipine or
carvedilol markedly reduced hypoxia-related peak sleep
SBP, with both reductions being >20 mm Hg. The
hypoxia-related peak SBP was markedly higher by
27.4 mm Hg than the mean sleep SBP measured by
conventional sleep BP measurement. However, the sleep
SBP surge (hypoxia-related peak SBP minus the average
of sleep BPs measured as fixed-interval function BPs
before and after the hypoxia-peak SBP) was only reduced
by carvedilol and not by nifedipine, although there was
no significant difference in the change between the two
drugs. Thus, hypoxia-related sleep SBP surge may be
predominantly determined by the increased sympathetic
tonus induced by sleep apnea episodes. Because exag-
gerated morning BP surge is a stroke risk independent of
age and 24-hour BP level in elderly hypertensive
patients,”!"** the exaggerated sleep BP surge found in
hypertensive patients with OSAS may be a risk for
cardiovascular events, and, particularly cardiovascular
events with sleep-onset, which are frequently found in
patients with OSAS. 1213 Although there are no definitive
data for establishing the threshold and the target level of
hypoxia-related peak sleep SBP, a reduction of maxi-
mum sleep SBP in addition to a reduction of mean sleep
SBP would be more effective in reducing target organ
damage and sleep-onset cardiovascular events.

Basal (Minimum) Sleep BP
Nighttime dosing of both nifedipine and carvedilol
markedly reduced basal (minimum) sleep SBPs; however,
the reduction was significantly greater by nifedipine than
by carvedilol. This may indicate the minimum (basal)
sleep BP is essentially determined not by sympathetic
tonus, but by other factors such as structural change of
the small resistance arteries or circulating volume. The
previous papers demonstrated that nondippers could be
reversed to dippers by reducing the circulating volume
using sodium restriction, diuretics, and aldosterone
blockers.>3**

TSP may separately measure sleep BPs with different
pathogenic and clinical implications in OSAS.

Proposal of Management of Hypertension in OSAS
As hypertensive patients with OSAS have increased risk
of target organ damage and future cardiovascular
events, more strict BP control over the course of
24 hours, ie, including the sleep period, is recom-
mended.”® The CPAP effectively reduces sleep BP surge
as well as mean sleep BP to reduce cardiovascular risk in
patients with OSAS. However, the adherence to CPAP
use is poor, particularly in asymptomatic patients, even
those with severe OSAS. The patients in this study were
hypertensive with moderate/severe OSAS, who declined
to be treated by CPAP therapy.
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FIGURE 4. Association between the oxygen desaturation index and sleep blood pressure (BP) measured by home information technology-
based trigger sleep BP monitoring in a hypertensive patient with obstructive sleep apnea syndrome. Each plot shows the BP data and oxygen
desaturation index of 20 nights at baseline and of 25 nights after nighttime dosing of nifedipine (40 mg/d). SBP indicates systolic blood
pressure. Mean sleep SBP=the average of sleep BPs measured only by the fixed-interval (30 minutes) function. Hypoxia-peak sleep

SBP=maximum SBP measured by the oxygen-triggered function.

Antihypertensive medication may not diminish all
the OSAS-related cardiovascular risks, such as hypoxia
and negative intrathoracic pressure, but nighttime
dosing of antihypertensive drugs may significantly
reduce the cardiovascular risk related to nocturnal
hypertension in OSAS patients.>> In this study, night-
time dosing of both vasodilating and sympatholytic
antihypertensive drugs reduced mean sleep SBP to
around 110 mm Hg to 120 mm Hg and hypoxia-peak
sleep SBP to around 140 mm Hg. This study demon-
strated that nighttime dosing of vasodilating and
sympatholytic antihypertensive drugs has the potential
to achieve a mean sleep BP <120/70 mm Hg (the
threshold of sleep BP for nocturnal hypertension) even

in patients with OSAS who were already taking
morning administration of >1 antihypertensive drugs.

Sleep Pulse Rate and AHI

The extensive sleep BP reduction by nifedipine did not
cause an additive increase in pulse rate in the hyperten-
sive patients with increased sympathetic tonus by OSAS.
On the other hand, carvedilol significantly reduced sleep
pulse rates measured by both oxygen-triggered and
fixed-interval functions of TSP compared with nifedi-
pine. As recent studies have demonstrated that the sleep
pulse rate is synergistically associated with cardiovas-
cular risk, this reduction of sleep pulse rate may have a
beneficial effect in patients with OSAS.?**® There was
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no significant reduction of minimum sleep pulse rate
even by treatment with nighttime dosing of carvedilol.
In this study, AHI was not changed by nighttime dosing
with either nifedipine or carvedilol. Diuretics may be
effective in improving AHI by reducing edema of the
upper body in_patients who have OSAS with heart
failure.*” In addition, 1n patients with resistant hyperten-
sion, splronolactone, lower body negative pressure,
and renal denervation®® have been shown to be effective
in reducing not only sleep BP but also AHI, but these
studies employed few patients and no control group.

Limitations

The hypoxia-related peak sleep SBP was measured by
our newly developed method of cuff inflation—based
TSP. Thus, it may have been underestimated compared
with the actual peak sleep BP triggered by each episode
of sleep apnea. However, compared with fixed-interval
ABPM, the TSP could detect markedly higher BPs
during the cluster of severe episodes of sleep apnea and
could be used for the assessment of antihypertensive
medication on the sleep BP profile, 1nclud1ng hypoxia-
related peak SBP and sleep BP surge, in clinical practice.
A previously reported beat-by-beat BP study using the
Finapres device demonstrated a sleep apnea- related BP
surge ranging from 30 mm Hg to 50 mm Hg In our
study, the sleep BP surge detected by our TSP was
approximately 30 mm Hg.

The other limitation includes drug dose. In this study,
we used a single-dose of nifedipine (slow-release) 40 mg
and carvedilol 20 mg, because one comparative study
demonstrated that the SBP-lowering effect of slow-release
nifedipine 20 mg to 40 mg was comparable to that of
carvedilol 25 mg to 50 mg.'* The highest doses of
nifedipine and carvedilol permitted in Japan are 40 mg
and 20 mg, respectively; therefore, we used these as the
highest doses. However, there is no reassurance that drug
dosesusedareequivalentinreducingsleep BP,and a higher
dose of carvedilol may have a more clear, specific effect on
sleep BP parameters. In addition, as almost all patients
were taking renin-angiotensin system (RAS) inhibitors
(RASi). The findings found in this study may partly be
attributable toa higherefficacy of RASi-CCB combination
compared with a RASi—B-blocker combination.

Finally, the major limitation of this study is small
sample size. This study only included 11 patients and
may not be able to adequately assess the potential
hazards of nighttime dosing including excessive night-
time BP reduction potentially causing cardiovascular
events. Therefore, additional studies in large population
of patients with OSAS are needed. The Japanese patients
with OSAS in the study were not severely obese. Our
finding should be confirmed in Western obese patients
with OSAS, who may also have different drug pharma-
cokinetics.

CONCLUSIONS
This study suggests that nighttime dosing of a vasodi-
lating or a sympatholytic antihypertensive drug may be
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an effective option for controlling sleep BP in hyperten-
sive patients with OSAS. Our recently developed
method of oxygen-triggered sleep BP monitoring (TSP)
could detect different effects of antihypertensive drugs
on sleep BP. We introduced TSP into an IT-based BP
management system (HITS), which could detect day-by-
day variability of mean sleep BP and hypoxia-related
peak sleep BP in daily life. Using this system, we started
the prospective Sleep Pressure and Disordered Breathing
in Resistant Hypertension and Cardiovascular Disease
(SPREAD) Registry to evaluate the clinical implications
of different sleep BP profiles in high-risk patients with
resistant hypertension, which is likely to accompany
OSAS. Further larger studies will be needed to evaluate
the long-term effects of different antihypertensive drugs,
including diuretics and aldosterone blockers, in hyper-
tensive patients with OSAS.
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