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Patients with Severe Obstructive Sleep Apnea
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Abstract:

Objective Obstructive sleep apnea (OSA) is assumed to influence the circadian blood pressure (BP) fluc-
tuation, particularly causing nocturnal hypertension and changing the dipping pattern of nocturnal BP. This
study aimed to clarify the triggers of the non-dipper pattern in nocturnal BP in Japanese patients with severe
OSA (the apnea-hypopnea index >30/h).

Methods Of 541 patients with OSA diagnosed using polysomnography (PSG) and ambulatory BP monitor-
ing (ABPM), 163 patients <60 years of age (Younger group) and 101 patients 260 years of age (Older group)
were stratified into the dipper or non-dipper pattern groups.

Results A logistic regression analysis was performed using a non-dipper pattern as a dependent variable. A
multivariate analysis demonstrated that the cumulative percentage of time at saturation below 90% was the
only independent risk factor for the non-dipper and riser patterns in the Younger group (odds ratio, 1.022;
95% confidence interval, 1.001-1.044; p=0.035), whereas slow-wave sleep (odds ratio, 0.941; 95% confidence
interval, 0.891-0.990; p=0.019) and the use of angiotensin-converting enzyme inhibitors or angiotensin II re-
ceptor blockers (odds ratio, 2.589; 95% confidence interval, 1.051-6.848; p=0.039) were risk factors in the
Older group.

Conclusion These findings suggested that the degree of desaturation in young OSA patients and sleep qual-
ity in old OSA patients might influence the dipping patterns in nocturnal BP.
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polysomnography, sleep-disordered breathing
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Introduction

Obstructive sleep apnea (OSA) is assumed to influence
the development of hypertension (1) and circadian blood
pressure (BP) fluctuation patterns (1-3). OSA is well known
to elevate the nocturnal BP, which is characterized as non-
dipper and riser patterns, and to cause organ damage (4, 5).

This study aimed to clarify the triggers of non-dipper and
riser patterns in nocturnal BP in Japanese patients with se-
vere OSA.

Materials and Methods

Subjects

A total of 541 Japanese patients who visited the Sleep
Apnea Syndrome Outpatient Department in the St. Marianna
University School of Medicine Hospital between February
2004 and March 2013 and underwent polysomnography for
suspected sleep-disordered breathing (SDB) and ambulatory
BP monitoring (ABPM) for investigating abnormal circadian
BP rhythm within 2 months of polysomnography (PSG)
were selected (Figure). Of these, 304 patients whose apnea
hypopnea index (AHI) was >30/h were investigated for their
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541 consecutive patients with suspected SDB
who underwent PSG and underwent ABPM

304 patients with AHI> 30 episodes/hour |

16 patients had incomplete
ABPM data.

24 patients excluded based on
the exclusion criteria.
7patients with atrial fibrillation
8 patients had moderate-to-severe valve
heart disease
4 patients with respiratory disease
5 patients with renal disease

163 patients < 60 years old
(Younger group)

Figure. Patients inclusion flowchart.

gender, age, height, weight, body mass index (BMI), and the
use or non-use of antihypertensive agents, diabetes drugs,
including insulin, and lipid metabolism disorder drugs at the
first visit. Daytime sleepiness was also assessed using the
Epworth Sleepiness Scale (ESS), Japanese version (6).

The patients with atrial fibrillation, those with moderate-
to-severe heart valve disease, those with respiratory disease,
those with renal disease, those <18 years of age and those
with insufficient data were excluded from this study (n=40).
Ultimately, 264 Japanese patients were enrolled into this
study.

All patients diagnosed with SDB had OSA and had not
previously received OSA treatment. Based on the results of
an earlier study demonstrating the association of SDB with
hypertension in patients <60 years of age (7), our study pa-
tients were stratified into the following groups: patients <60
years of age (Younger group, n=163) and those >60 years of
age (Older group, n=101).

The present study was performed in accordance with the
ethical principles set forth in the Declaration of Helsinki.
The study protocol was reviewed and approved by the Insti-
tutional Review Board of the St. Marianna University
School of Medicine and implemented in compliance with
the Personal Information Protection Law (Ethical Committee
Approval Nos. 1142 and 1603).

Blood parameters

Blood samples were collected for measuring the serum
concentration of fasting plasma glucose, glycosylated hemo-
globin, triglyceride, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol and creatinine in the fast-
ing state at the first examination. Diabetes mellitus was de-
fined as glucose 2126 mg/dL in the fasting state or glyco-
sylated hemoglobin 26.5% according to the National Glyco-
hemoglobin Standardization Program. Patients with low-
density lipoprotein cholesterol >140 mg/dL, high-density
lipoprotein cholesterol <40 mg/dL or triglyceride 2150 mg/
dL and those who were receiving lipid metabolism disorder

101 patients 2 60 years old
(Older group)

treatment were defined as having dyslipidemia. According to
the recommendation of the Japanese Society of Nephrology,
the estimated glomerular filtration rate (eGFR) was calcu-
lated as follows: eGFR (mL/min/1.73 m’) = 194x Cr'® x
age"™ (x0.739 for women) (8).

Evaluation of sleep-disordered breathing

Polysomnography (SleepWatcher®, Compumedics, Ab-
botsford, Australia; or Polymate‘k\, Miyuki Giken, Tokyo, Ja-
pan) was employed to evaluate SDB. A nasal cannula was
placed at the nares to measure the respiratory airflow using
a disposable airflow sensor; a strain gauge sensor monitored
respiratory movements of the chest and abdominal walls.
Arterial oxygen saturation (SpO.) was measured with a
pulse oximeter detecting the percentage of oxygenated he-
moglobin in arterial blood by two wavelengths of light
transmitted to the finger to extract the pulse wave compo-
nent according to the heart beat (9, 10). The results obtained
during sleep were manually analyzed by laboratory techni-
cian specialists using the Rechtschaffen and Kales crite-
ria (11); breathing events and cessation of airflow for 10
seconds or longer were recognized as apnea. Hypopnea was
defined as an obvious reduction in airflow (less than 50%)
for 10 seconds or longer compared with stable breathing be-
fore and after an event and decrease in oxygen saturation of
3% from the baseline or when the event is associated with
arousal (12). AHI is defined as the frequency of apnea/hy-
popnea per hour. Low-oxygen exposure was defined as SpO.
<90% and the rate of SpO. <90% (cumulative percentage of
time at saturation below 90%, CT90%). The non-REM sleep
stages 3 and 4 was defined as slow-wave sleep (SWS) in the
present study.

Blood pressure measurement in a doctor’s office

Each patient sat in a backed chair in the doctor’s office
without crossing their legs for a few minutes. BP was then
measured using the brachial artery by physicians with elec-
tric automated manometers (Omron Healthcare, Kyoto, Ja-
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Table 1. Patient Background Data.
Group All patients ~ Younger group  Older group  p value
Number of patients 264 163 101 /
Male sex no. (%) 219 (83) 151 (93) 68 (67) <0.001
Age (years) 54.8+12.9 46.7+9.0 67.9+5.1 <0.001
BMI (kg/m?) 28.1+5.5 29.1+5.8 26.6+4.7 <0.001
ESS 8.9+5.9 10.0+£5.9 7.3+54 <0.001
Heart diseses and/or cerebrovascular diseases no. (%) 43 (16) 19 (12) 24 (24) 0.010
Antihypertensive agents use no. (%) 93 (35) 43 (26) 50 (50) <0.001
Calcium-channel blocker 62 (23) 32 (20) 30 (30) 0.060
ACE-I/ARB 66 (25) 30 (18) 36 (36) 0.002
Diuretic 23 (9) 74) 16 (16) 0.001
B blocker 15 (6) 9 (6) 6 (6) 0.886
a blocker 6(2) 3(2) 3(3) 0.549
Aldosterone blocker 5Q2) 0(0) 5(5) 0.004
Diabetes mellitus no. (%) 57 (22) 28 (17) 29 (28) 0.027
Dyslipidemia no. (%) 152 (58) 96 (59) 56 (55) 0.581
Creatinine (mg/dL) 0.93+0.63 0.86+0.19 1.04+0.98 0.022
eGFR (mL/min/1.73m?2) 71.8+£19.5 78.2+17.3 61.4+18.4 <0.001
24-h Systolic blood pressure (mmHg) 133.2+11.7 132.9+11.4 133.6+12.3 0.653
AHI (/h) 54.1x17.4 55.7+17.3 51.5%17.2 0.054

BMI: body mass index, ESS: Epworth sleepiness scale, ACE-I: angiotensin-converting enzyme inhibitor, ARB: angiotensin II

receptor blocker, eGFR: estimated glomerular filtration rate, AHI: apnea-hypopnea index

The values are presented as the meanzs.d.

pan; or Terumo, Tokyo, Japan); its accuracy was comparable
to the BP measured with the auscultatory method using a
mercury manometer. BP was measured during the usual out-
patient consultation time between 1 PM and 5 PM after ad-
justing the height of the measuring table in order to keep
the position of the cuff at heart level; the upper arm was
then wrapped with a tourniquet (width, 13 cm; length, 22
cm). Two stable measurements were used for the average
BP calculation. The BP at the first visit was evaluated.

24-h ABPM

Non-invasive ABPM was performed for 24 hours using an
FM-800 (Fukuda Denshi, Tokyo, Japan) at 30-minute inter-
vals (2). ABPM and PSG were assessed on two different
days. The BP was measured by the oscilloscopic method
with an automated BP cuff or by the Korotkoff method. The
ABPM data were analyzed based on the method described
by Kario et al. (13). The following systolic BP (SBP) and
diastolic BP (DBP) were measured: 24-hour BP, the average
BP during the recording day; awake BP, the average BP
during the rest of the day; and sleep BP, the average BP
during sleep at night. The non-dipping BP pattern (ND pat-
tern) was defined when the reduction in the awake SBP was
<10% of the sleep SBP, whereas the dipping BP pattern (D
pattern) was defined when the reduction in the awake SBP
was 210% of the sleep SBP (14, 15).

Statistical analyses

All measurements were indicated as mean + standard de-
viation. The Mann-Whitney’s U-test and Pearson’s ° test
were used for comparisons between the D and ND patterns

in the Younger and Older groups. Univariate and multiple
logistic regression analyses were performed to determine the
factors related to the ND pattern. Since there were signifi-
cant differences between the D and ND patterns in the
Younger and Older groups, the determinant factors for the
ND pattern were analyzed in the BMI and CT90% in the
Younger group and the use or non-use of angiotensin-
converting enzyme inhibitors (ACE-I) or angiotensin II re-
ceptor blockers (ARB) and the rate of SWS and REM in the
Older group. Statistical analyses were conducted using the
JMP" software program for Windows"® (version 10.0; SAS
Institute, Cary, USA). Significant difference was set at a p
value of <0.05 for the hazard ratio.

Results

Patients’ characteristics (Table 1-3)

The patients’ background characteristics are summarized
in Tables 1 and 2. Significant differences in the BMI in the
Younger group (p=0.026) and the use of ACE-I/ARB in the
Older group (p=0.034) were found between the D and ND
patterns (Table 2). Table 3 shows the obtained sleep and BP
data in the two groups.

Evaluation of the ND pattern for each factor Table 4

A logistic regression analysis was performed using the
ND pattern as a dependent variable (Table 4). The parame-
ters demonstrating significant differences between the D and
ND patterns in the Younger and Older groups were evalu-
ated. The results of a univariate analysis indicated a signifi-
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Table 2. Patient Background Data.

G Younger group (n=163) Older group (n=101)
roup D pattern ND pattern  p value D pattern ND pattern ~ p value

Number of patients 85 78 / 39 62 /

Dipping status (%) +10.2~+4335 -92~499 / +10.4 ~+422.0 -26.1 ~+9.9 /

Male sex no. (%) 77 (91) 74 (95) 0.296 27 (69) 41 (66) 0.746

Age (years) 46.4+9.9 47.1£7.9 0.595 67.3+4.8 68.3+5.3 0.309

BMI (kg/m?) 28.1+5.3 30.1+6.2 0.026 26.6+3.3 26.7£5.4 0.911

ESS 10.1£5.5 9.8+6.4 0.770 7.3+6.1 7.2+4.9 0.923

Heart diseses and/or 11 (13) 8 (10) 0.594 8(21) 16 (26) 0.543

cerebrovascular diseases no. (%)

Antihypertensive agents use no. (%) 24 (28) 19 (24) 0.575 17 (44) 33 (53) 0.346
Calcium-channel blocker 18 (21) 14 (18) 0.604 9 (23) 21 (34) 0.248
ACE-I/ARB 19 (22) 11 (14) 0.175 9(23) 27 (44) 0.034
Diuretic 4(5) 34 0.775 6 (15) 10 (16) 0.821
B blocker 5(6) 4(5 0.833 1(3) 5(@) 0.254
o blocker 2(2) 1(1) 0.611 0(0) 3(5) 0.163
Aldosterone blocker 0(0) 0(0) / 2(5) 3(5) 0.948

Diabetes mellitus no. (%) 16 (19) 12 (15) 0.561 18 (29) 11 (28) 0.929

Dyslipidemia no. (%) 45 (53) 51 (65) 0.107 23 (59) 33 (53) 0.572

Creatinine (mg/dL) 0.86+0.21 0.86+0.17 0.957 1.19+1.51 0.95+0.38 0.240

eGFR (mL/min/1.73m?) 78.5+17.5 78.0+17.1 0.860 60.7+19.1 61.8+19.1 0.771

BMI: body mass index, ESS: Epworth sleepiness scale, ACE-I: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor block-
er, eGFR: estimated glomerular filtration rate
The values are presented as the mean=s.d.

Table 3. Sleep and Blood Pressure Data.

Younger group Older group
ABPM
All patients D pattern ~ ND pattern All patients D pattern ~ ND pattern

Periog  Blood pressure (n=163) (n=85) (n=78) P value (n=101) (n=39) (n=62) P Vvalue

(mmHg)
24-h Systole 133+11 132+11 135+12 0.105 134+12 13311 134+13 0.457

Diastole 88+9 87+9 89+9 0.071 8249 82+9 82+9 0.817
Awake  Systole 138+11 138+11 137£12 0.359 137+13 140+11 136x13 0.118

Diastole 91+9 919 919 0.929 84+9 87+9 839 0.057
Sleep  Systole 123+14 117+11 130£12 <0.001 127+14 118+12 130£13 <0.001

Diastole 81+10 779 85+9 <0.001 77+10 73+10 79+10 <0.001
Dipping status (%) 11.0£7 15.7+4.5 4.9+4.6 <0.010 7.3+8 14.6+3.3 2.7£5.5 <0.001
Polysmonography All patients D pattern ~ ND pattern  p value All patients D pattern ~ ND pattern  p value
AHI (/h) 55.7£17.3 537169  58.0+17.6 0.110 51.5£17.2  48.1x15.1 53.7£18.2 0.115
Al (/h) 30.3£23.2  30.1%£22.5  30.6£24.0 0.875 242+16.2  23.7£16.6  24.5+16.1 0.806
OA (/h) 27.5+22.5 2694221 28.2+23.1 0.715 18.8+15.6 18.4+17.0 19.1+14.8 0.831
CA (/h) 1.1+1.9 1.3+2.3 0.8+1.2 0.628 3.1£5.9 2.7+4.8 3.3+6.6 0.626
CT90% (%) 15.6+19.3 11.4+12.5  20.1£24.0 0.004 10.9+14.2 8.8+12.1 12.3+15.4 0.230
Lowest oxygen saturation (%) 73.7+8.6 74.9+11.0 72.3+8.7 0.058 76.0+9.2 76.6+10.0 75.5+8.7 0.572
SWS (%) 10.3+8.8 9.5£7.9 11.1£9.7 0.237 11.2+8.5 13.7+8.9 9.6+7.8 0.017
Arousal index (/h) 50.4+20.2  49.4+£19.8  51.1+20.8 0.636 46.9+19.3  439+143  48.7+21.8 0.217

ABPM: ambulatory blood pressure monitoring, AHI: apnea-hypopnea index, Al: apnea index, OA: obstructive apnea, CA: central apnea, ODI: oxygen desatu-
ration index, CT90%: cumulative percentages of time at saturation below 90%, SWS: slow wave sleep
The values are presented as the meanzs.d.

cant relationship between the occurrence of the ND pattern, multivariate analysis demonstrated that CT90% was the only
the BMI and the CT90% in the Younger group and between independent risk factor in the Younger group [odds ratio,
the use of ACE-I/ARB and SWS in the Older group. The 1.022; 95% confidence interval (CI), 1.001-1.044; p=0.035];
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Table 4. Results of Logistic Regression Analyses to Determine Factors Affecting the Non-dipping Blood Pressure

Pattern.
Younger group ND pattern Younger group ND pattern
Univariate analysis Odds ratio 95%Cl1 p value  Multiple analysis ~ Odds ratio 95% C1 p value
BMI (kg/m?) 1.065 1.008-1.131 0.024 BMI 1.033 0.969-1.104  0.318
CT90% (%) 1.026 1.008-1.047  0.004 CT90% 1.022 1.001-1.044  0.035
Older group ND pattern Older group ND pattern
Univariate analysis Odds ratio 95%Cl p value  Multiple analysis ~ Odds ratio 95%Cl p value
ACE-I/ARB (0=no, 1=yes) 2.570 1.075-6.576  0.034 ACE-I/ARB 2.589 1.051-6.848  0.039
SWS (%) 0.943 0.895-0.990  0.017 SWS 0.941 0.891-0.990  0.019

95% CI: 95% confidence interval, BMI: body mass index, CT90%: cumulative percentages of time at saturation below 90%, ACE-I: angiotensin-

converting enzyme inhibitor, ARB: angiotensin II receptor blocker, SWS: slow wave sleep

whereas SWS (odds ratio, 0.941; 95% CI, 0.891-0.990; p=
0.019) and the use of ACE-I or ARB (odds ratio, 2.589;
95% CI, 1.051-6.848; p=0.039) were risk factors in the
Older group.

Discussion

OSA is a known cause of nocturnal hypertension and a
non-dipper or riser pattern (1-3). To our knowledge, only a
handful of study reports have discussed the factors determin-
ing nocturnal BP fluctuation patterns in patients with
OSA (16). Analyzing the factors affecting nocturnal BP
fluctuation patterns and providing appropriate therapeutic in-
tervention will probably improve nocturnal BP fluctuation
and prevent subsequent organ damage in patients with OSA.
Several epidemiological studies have reported that the fac-
tors of OSA associated with the onset of hypertension vary
among age groups (7, 17). Therefore, in the present study,
we divided OSA patients into two groups (patients <60 and
>60 years of age) and then divided those two groups into
two subgroups among patients in whom the mean 24-hour
BP was nearly equal (no significant differences observed in
the mean value) but the nocturnal BP fluctuation patterns
were different (D pattern vs. ND pattern). We then analyzed
the factors influencing nocturnal BP dipping patterns. In
particular, we selected those patients with severe OSA to
clarify the possible influence of OSA.

Differences between young and old OSA patients

The BMI and the degree of sleepiness were greater in the
Younger group than in the Older group even though the 24-
hour SBP and AHI were similar (Table 1). Significant differ-
ences were found in the morbidity of cardiovascular dis-
eases, diabetes mellitus and renal dysfunction and in the use
of antihypertensive agents. These findings are often seen in
older SDB patients in the clinical setting (18). In the
younger generation, OSA is considered an independent fac-
tor for developing hypertension. However, some reports have
suggested that OSA may independently trigger hypertension
in individuals >60 years of age (7, 17). The possible reasons

behind this difference are as follows: 1) the factors associ-
ated with the onset of OSA vary by age; and 2) the influ-
ence of OSA on human bodies also differs by age (7). There
are some factors associated with the onset of OSA due to
age, such as the degree of obesity, the structure and function
of the upper respiratory tract and the respiratory control
function (7). In general, older patients with OSA tend to
have less obesity and a lower prevalence of hypoxemia than
younger patients, even if their AHIs are similar (19). Indeed,
the patient background in the present study showed that the
older patients with severe OSA tended to have less obesity
and lower oxygen desaturation (CT90% and lowest oxygen
saturation) than the younger patients with severe OSA.

Factors associated with the non-dipper pattern in
severe OSA patients

* Younger group

Our multivariate analysis demonstrated that CT90% was
the only independent factor determining the non-dipper and
riser patterns (ND group). Previous studies on OSA patients
have shown that CT90% was associated with the onset of
left ventricular hypertrophy (20) and CT90%, a parameter of
SDB, was the only factor associated with brain natriuretic
peptide in patients with chronic heart failure (21). Other
studies have also reported that OSA patients with a higher
degree of obesity had a higher level of oxygen desatura-
tion (22, 23). Similarly, a correlation was confirmed be-
tween the BMI and CT90% in the present study (Younger
group, R=0.502 and p<0.001; Older group, R=0.513 and p<
0.001). OSA causes negative intrathoracic pressure, hyper-
sensitivity of the carotid body chemoreflex, hypoxemia and
microarousal; these changes induced OSA-related nocturnal
hypertension (24). Accordingly, younger OSA patients who
tend to have a higher degree of obesity (higher BMI) may
be affected more profoundly by oxygen desaturation due to
OSA than older OSA patients. The data obtained from the
Younger group suggested that the depth and length of oxy-
gen desaturation, represented by CT90%, might trigger a fall
in nocturnal BP and lower nocturnal BP variability.
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¢ Older group

The rate of SWS is an independent factor influencing the
ND pattern. During non-rapid eye movement (NREM) sleep,
sympathetic nervous activity decreases, BP declines, and BP
drops as the sleep stages deepen (25). The results of a mul-
tivariate analysis in the present study showed that a decrease
in the rate of SWS during NREM sleep was an independent
trigger of the ND pattern. In one study conducted in healthy
subjects, the deprivation of SWS resulted in a lesser extent
of nocturnal reduction (26). Decreased SWS might influence
nocturnal BP fluctuations. In patients >65 years of age, de-
creased SWS was identified as a predictor for the onset of
hypertension during the average follow-up period of 3.4
years (27). The results of our study also support those of the
earlier studies and suggest that a reduction in SWS may af-
fect nocturnal BP fluctuations in older OSA patients.

The use of ACE-I or ARB was an independent risk factor
in the occurrence of the ND pattern. In the present study,
many older patients received ACE-I/ARB; of these, some
additionally took other antihypertensive agents. These anti-
hypertensive effects might have persisted in the daytime and
ceased at night. Consequently, the 24-hour BP and awake
BP in these OSA patients using ACE-I/ARB were relatively
well-controlled, whereas the sleep BP was not well-
controlled (28).

Clinical implications of the results of this study

In severe OSA patients, the impact of OSA on the noctur-
nal BP fluctuation may differ by age. That is, even if the se-
verity of OSA based on AHI is similar between younger and
older patients, the degree of obesity and the level of hypoxe-
mia differ between the two groups. This difference affects
the nocturnal BP in OSA differently.

In clinical practice, continuous positive airway pressure
(CPAP) therapy should be actively promoted in younger pa-
tients with severe OSA in order to improve desaturation
caused by OSA. CPAP therapy improves the nocturnal BP
fluctuation patterns and eventually contributes to the preven-
tion of cardiovascular disease. However, whether or not
OSA is a trigger for reducing SWS and shortening the dura-
tion of SWS in older OSA patients with an ND pattern re-
mains unclear. Physiologically, SWS is known to decrease
by age (29); however, one study indicated that CPAP ther-
apy increased SWS (30). Accordingly, CPAP therapy should
be considered as a therapeutic option for older patients with
severe OSA.

Study limitations

This study was a small, retrospective, single-center and
cross-sectional. As such, a prospective study is needed. The
disease duration of OSA was not considered in this study.
The prognosis of the patients in this study was not investi-
gated. ABPM has poor reproducibility, so whether or not
ABPM data accurately reflect the original BP is debat-
able (31).

The authors state that they have no Conflict of Interest (COI).
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