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Patients with Obstructive Sleep Apnea Syndrome in Parallel with
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(Pro)renin receptor ((P)RR), a receptor for renin and prorenin, is implicated in the pathophysiology of
diabetes mellitus, hypertension and their complications. Soluble (P)RR (s(P)RR) is composed of
extracellular domain of (P)RR and thus exists in blood. We have reported that plasma concentrations of
s(P)RR were elevated in male patients with obstructive sleep apnea syndrome (OSAS). The aim of the
present study was to clarify the difference in plasma s(P)RR concentrations between male and female
OSAS patients. Plasma s(P)RR concentrations were studied in 289 subjects (206 males and 83 females)
consisting of 259 OSAS patients and 30 non-OSAS control subjects. The 259 OSAS patients were
classified into mild (5 < apnea hypopnea index (AHI) < 15 events/h), moderate (15 < AHI < 30), and severe
OSAS (AHI = 30). Plasma s(P)RR levels were significantly elevated in all three OSAS groups compared to
non-OSAS control subjects (AHI < 5) in the entire cohort and male subjects, whereas in female subjects,
the significant elevation was found only in severe OSAS. Plasma s(P)RR levels were significantly
correlated with AHI in both sexes, with a higher r value found in male subjects (male r = 0.413, p < 0.0001;
female r = 0.263, p < 0.05). Importantly, when OSAS patients (26 males and 15 females) with AHI = 20
underwent continuous positive airway pressure treatment, plasma s(P)RR levels were significantly
decreased. In conclusion, plasma s(P)RR levels are elevated in both male and female OSAS patients in

parallel with the disease severity.
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Introduction

(Pro)renin receptor ((P)RR), a specific receptor for
renin and prorenin, is a single-pass transmembrane protein
consisting of 350 amino acids (Nguyen et al. 2002; Nguyen
2011). It is widely expressed in various organs including
brain, pituitary, heart and kidney (Hirose et al. 2009b, 2010;
Takahashi et al. 2010a, b; Nguyen 2011; Takahashi et al.
2015). Prorenin is an inactive precursor of renin. Its prose-
gment prevents the substrate angiotensinogen from reach-
ing the enzymatic active center. When prorenin binds with
(P)RR, the prosegment is removed from the enzymatic
active center, resulting in enzymatic activation (Nabi et al.
2006). In addition, renin and prorenin activated the
(P)RR-mediated intracellular signaling (e.g., the mitogen-
activated protein kinase pathway) (Huang et al. 2006;
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Ichihara et al. 2006; Saris et al. 2006). (P)RR has been
implicated in the pathophysiology of type 2 diabetic melli-
tus (T2DM), cardiovascular diseases including hyperten-
sion, and their complications, such as diabetic nephropathy
(Nguyen et al. 2002; Ichihara et al. 2006; Nguyen 2011).
Certain gene polymorphism of the (P)RR gene was associ-
ated with blood pressure in the Japanese men (Hirose et al.
2009a).

Moreover, (P)RR was found as a truncated form of
(P)RR at the C-terminal region associated with vacuolar
H'-ATPase (v-ATPase), an ATP-dependent multi-subunit
proton pump (ATP6 accessory protein 2) (Ludwig et al.
1998). The v-ATPase plays fundamental and physiological
roles in the cellular function, including endocytosis, intra-
cellular membrane transport, prohormone processing, trans-
port of neurotransmitters, and left-right patterning during
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development (Nishi and Forgac 2002; Adams et al. 2006).
(P)RR- and v-ATPase-mediated acidification was shown to
be essential for the Wnt/f-signaling pathway, which is
important in stem cell biology, embryonic development,
and diseases, including cancer (Cruciat et al. 2010).

The extracellular domain of (P)RR is cleaved by furin
and exists as soluble (P)RR (s(P)RR) in blood (Cousin et al.
2009). Plasma concentrations of s(P)RR were elevated in
patients with chronic kidney disease (CKD) (Hamada et al.
2013). Watanabe et al. (2012, 2013) showed that increased
plasma s(P)RR concentrations at early pregnancy may pre-
dict the development of gestational diabetes mellitus and
hypertension later in pregnancy. We have previously
reported that plasma concentrations of s(P)RR were ele-
vated in 58 male patients with obstructive sleep apnea syn-
drome (OSAS) in parallel with the severity of disease
(Nishijima et al. 2014).

OSAS occurs more frequently in men than in women
(24% of men and 9% of women) (Young et al. 1993, 2008),
and is highly associated with obesity (Young et al. 1993)
and the metabolic syndrome (Lam et al. 2006). Intermittent
hypoxemia is thought to cause hypertension, T2DM, dys-
lipidemia, and renal disorder via inflammatory cytokine
production (Ryan et al. 2005), enhanced oxidative stress
(Pialoux et al. 2009; Almendros et al. 2011), and increased
sympathetic nervous system (Narkiewicz et al. 1999;
Leuenberger et al. 2005).

The reason for the higher prevalence of OSAS in men
is not clear, but sex differences are implicated, including
structural and functional differences in the upper airway
(Pillar et al. 2000), body fat distribution (Millman et al.
1995), and hormone levels (Netzer et al. 2003). However,
plasma concentrations of s(P)RR have not been studied in
female OSAS patients, and the difference in plasma s(P)RR
levels between male and female OSAS patients has not
been clarified. In the present study, we therefore studied
plasma concentrations of s(P)RR in female OSAS patients,
and compared with those in male OSAS patients, the num-
ber of which was increased from our previous report
(Nishijima et al. 2014).

Materials and Methods

Subjects

We studied 289 subjects (206 males and 83 females) who vis-
ited the Division of Behavioral Sleep Medicine of the Iwate Medical
University School of Medicine for overnight polysomnography (PSG)
because they were suspected to have OSAS based on heavy snore or
symptoms such as excessive daytime sleepiness. This study was
approved by the Ethics Review Boards of Iwate Medical University
and Tohoku University Graduate School of Medicine (Approval num-
ber: H25-48), and written informed consent was obtained from all
subjects. We included 72 patients (58 male OSAS patients and 14
male non-OSAS control subjects) who were described in our previous
study (Nishijima et al. 2014). In contrast to our previous study
(Nishijima et al. 2014), the present study included 29 patients with
drug-resistant hypertension, 62 patients with T2DM, and 53 patients

with CKD (estimated glomerular filtration rate (eGFR) < 60 ml/
min/1.73 m?). None of the patients with CKD were undergoing
hemodialysis. The studied population contained no patients with
chronic heart disease, chronic obstructive pulmonary disease, or neu-
rological diseases. The subjects with hypertension were taking
angiotensin-converting enzyme inhibitors (» = 21), angiotensin recep-
tor antagonists (n = 79), calcium channel blockers (n = 85), direct
renin inhibitors (n = 6), a-adrenergic blocking agents (n = 4),
f-adrenergic blocking agents (n = 26) and diuretics (n = 28).

PSG testing was performed between § p.m. and 6 a.m. using a
SomnoStar-a apparatus (SensorMedics, Yorba Linda, CA, USA) in a
designated examination room equipped with an air conditioning sys-
tem at the Iwate Medical University Hospital following the criteria of
the American Academy of Sleep Medicine (Iber et al. 2007).
Subjective excessive daytime sleepiness severity was assessed using
the Epworth Sleepiness Scale (ESS) (Johns 1991). Thirty subjects (19
males and 11 females) with apnea hypopnea index (AHI) <5 events/h
were used as control (non-OSAS group). The 259 OSAS patients
(187 males and 72 females) were classified into three groups follow-
ing AHI (a measure of OSAS severity); patients with mild OSAS
(mild OSAS) [n = 38 (25 males and 13 females), 5 < AHI < 15
events/h], patients with moderate OSAS (moderate OSAS) [n = 56 (35
males and 21 females), 15 < AHI < 30 events/h], and patients with
severe OSAS (severe OSAS) [n = 165 (127 males and 38 females),
AHI > 30 events/h].

Clinical characteristics in 289 subjects are shown in Tables 1, 2
and 3. Table 1 shows comparison of clinical characteristics, labora-
tory analysis data, and sleep parameters between the non-OSAS
group and the OSAS group in the total cohort (all subjects), male sub-
jects, and female subjects, respectively. The age, the body mass index
(BMI), neck circumference, waist/hip ratio, blood urea nitrogen
(BUN), serum creatinine levels, hemoglobin Alc (HbAlc), blood
glucose levels, plasma erythropoietin levels, and systolic, diastolic
and mean blood pressure at 6 a.m. were significantly higher, and
eGFR was significantly lower in OSAS patients than in non-OSAS
control subjects of the total cohort. This tendency was similar in both
sexes except for serum creatinine levels and plasma erythropoietin
levels in the female subjects, and some other parameters that did not
reach the statistical significance. In the sleep study, % stage non-
REM sleep 1, arousal index (Arl), AHI and desaturation index were
significantly greater, and sleep efficiency, % stage non-REM sleep 2
and 3, % stage REM sleep, and mean and minimum peripheral artery
oxygen saturation were significantly lower in OSAS patients than in
non-OSAS control subjects of the total cohort. This tendency was
again similar in both sexes although the difference in some parame-
ters did not reach the statistical significance.

Tables 2 and 3 show comparison of clinical characteristics
among three groups of OSAS (mild, moderate and severe) in male
and female OSAS patients, respectively. BMI, waist/hip ratio and
HbA Ic in male subjects (Table 2), and the age, BMI, neck circumfer-
ence, HbAlc and systolic blood pressure in female subjects (Table 3)
were significantly higher in severe OSAS patients, compared to mild
or moderate OSAS patients. In the sleep study, % stage non-REM
sleep 1, Arl, AHI, and desaturation index were significantly higher,
and % stage non-REM sleep 3, and mean and minimum peripheral
artery oxygen saturation were significantly lower in severe OSAS
patients, compared to mild or moderate OSAS patients in both sexes
(Tables 2 and 3). % Stage non-REM sleep 2 was significantly lower
in male severe OSAS patients (Table 2) whereas % stage REM sleep
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Table 1. Comparison of clinical characteristics, laboratory analysis data, and sleep parameters between the subjects without obstructive
sleep apnea syndrome (Non-OSAS) and the patients with OSAS.

All Subjects (n =289)

Male (n =206)

Female (n = 83)

Non-OSAS OSAS Non-OSAS OSAS Non-OSAS OSAS
(n=130) (n=259) n=19) (n=187) (n=11) n=172)
Age (year) 443£17.1 57.6+15.6%¥  463x16.6 57.5+15.3" 40.8 £18.2 57.8+16.7
BMI (kg/m?) 243+7.9 27.5 + 6.0 23.1+2.1 27.3+5.9¢ 26.2+12.8 27.9+63
Neck (cm) 36.8 4.1 39.3+£5.3" 38.0£23 40.5+5.1° 345£5.6 36.0+£4.2
Waist/hip ratio (%) 91.4+11.3 95.9 £ 9.0 933 +£8.1 96.6 £ 8.1 88.1+15.2 94.0+11.1
BUN (mg/dL) 132+24 15.8 6.3 13.1+£23 154+4.7 13.3+£2.6 16.8+9.3
Cre (mg/dL) 0.7+0.1 0.9+0.5" 0.7+0.1 0.9+0.5 0.7+0.1 0.7+04
eGFR (ml/min/1.73m?) 92.8£27.7 76.5 £23.8° 94.0+22.4 75.7+21.0° 90.7 £35.8 78.8 +£30.1
HbAlc (%) 53+04 59+0.9* 53403 5.8+0.3" 55+04 6.1+ 1.2°
IRI (mg/dL) 7.1+3.6 9.5+6.8 6.9+3.9 9.0+6.7 7431 10.8+7.2
BG (mg/dL) 89.8£10.0 99.1 +23.5¢ 90.4£79 98.2+17.7 88.6+13.4 101.2+£34.2
HOMA-R 1.6+0.8 2.6+43 1.5+0.9 25+4.7 1.6+0.8 29+3.0
PRA (ng/mL/h) 45+123 1.5+2.0 19+34 1.5+2.0 11.7+£23.3 1.5+£22
Renin (pg/mL) 11.0+20.3 13.7+20.0 7.0+49 144+212 22.3+£39.0 11.9+16.4
Aldo (pg/mL) 112.7 +70.0 115.6 £ 60.5 99.2£32.9 114.1£59.9 109.0 £ 94.7 118.6 £ 62.6
EPO (mIU/mL) 9.0+£17.5 11.1+11.7% 52+34 10.3 £9.3* 14.7+£27.4 13.2+16.3
Blood pressure at 6 a.m. (mmHg)
Systolic 1169+ 13.6 129.9+18.7° 118.5+14.7 129.7 +17.5° 1140+ 11.4 1302 £21.6
Diastolic 70.4 +12.3 773 +14.8" 71.9+14.2 78.0+14.9 67.7+7.6 753 +14.1
Mean 859+ 11.6 94.8 + 14.4" 874+134 952+ 14.27 83.1+6.7 93.7+15.0
Blood pressure at 1 p.m. (mmHg)
Systolic 1199+ 11.9 126.1£19.2 121.7+11.0 127.2+18.5 116.6 = 13.3 1229 +£21.2
Diastolic 71.3+11.0 747+ 143 74.0+£10.5 74.7+£14.3 66.2+10.6 74.6 £ 14.6
Mean 87.5+9.9 91.8+£14.0 89.9+9.8 922 +14.1 83.0+9.7 90.7 £ 13.9
ESS 6.4+5.1 7.8+5.1 54+43 7.8+5.0 8.1+£6.0 7.8+52
Sleep study
TST (mins) 442.4+63.9 406.6 +£95.4 424.6 +70.0 404.4+£95.1 473.2+38.6 412.5+96.7°
Sleep efficiency (%) 78.4+10.8 713 +16.21 752+ 11.8 709 +15.8 839+54 72.2+17.31
% Stage N1 (%) 13.4+7.8 30.8 £ 16.1* 145+09.1 32.0£16.4* 11.4+42 27.5 £ 14.9*%
% Stage N2 (%) 549+10.5 45.1 £ 14.0" 52.5+10.2 442 + 14.6% 59.1 +£10.0 472+12.2%
% Stage N3 (%) 12.1+6.5 7.0+ 6.97 11.5+6.0 6.1+6.4" 13.1+£7.6 9.1+79
% Stage R (%) 18.1 6.1 152+7.0 19.1+5.8 15.6+7.0° 16.4+6.5 14.7+7.0
Arousal index (events/h) 10.5+5.0 31.9+18.1%* 10.6+54 332+ 18.4% 102+43 28.5+16.9*
AHI (events/h) 33+13 40.5 +22.7* 35+14 42.1 +22.8% 29+1.0 36.5+22.1%*
SpO, mean (%) 95.6+1.9 92.1+3.3* 954+1.3 92.0 +£3.4* 95.9+2.7 92.6 +3.2
SpO, minimum (%) 88.7+3.8 77.9 £9.2* 88.5+3.7 77.3£9.5% 89.2+42 79.6 £ 8.1*
Desaturation index (events/h) 5.0£5.5 353 +23.0*% 48+4.7 36.3 £22.8% 53+6.9 32.8 +£23.4%

Comparisons of clinical characteristics and polysomnography data between the non-OSAS and OSAS groups were carried out by Mann-

Whitney U test. The data are shown as mean + S.D.
fp <0.05; ip <0.01; %p < 0.005; $p < 0.001; p < 0.0005; *p < 0.0001.

BMI, body mass index; Neck, neck circumference; BUN, blood urea nitrogen; Cre, serum creatinine level; eGFR, estimated glomerular
filtration rate; HbAlc, hemoglobin Alc; IRI, immunoreactive insulin; BG, blood glucose; HOMA-R: homeostasis model assessment of
insulin resistance; PRA, plasma renin activity; Renin, plasma renin levels; Aldo, plasma aldosterone levels; EPO, plasma erythropoietin
levels; ESS, Epworth sleepiness scale; TST, total sleep time; % Stage N1, % stage non-REM sleep 1; % Stage N2, % stage non-REM
sleep 2; % Stage N3, % stage non-REM sleep 3; % Stage R, % stage REM sleep; AHI, apnea hypopnea index; SpO,, peripheral artery

oxygen saturation
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Table 2. Clinical characteristics and incidence of comorbidities in 187 male patients with obstructive sleep apnea syndrome (OSAS);
comparison among three groups of OSAS (mild, moderate and severe).

OSAS (n=187) p values
Mild Moderate Severe Mild vs. Moderate vs. Mild vs.
(n=25) (n=135) (n=127) Moderate Severe Severe
(1) Clinical characteristics
Age (year) 53.8+16.3 61.2+124 57.3+£15.7 NS NS NS
BMI (kg/m?) 25.0+6.0 25.8+4.1 28.1£6.1 NS <0.05 NS
Neck (cm) 39.8+9.1 39.4+2.5 409 +4.6 NS NS NS
Waist/hip ratio (%) 91.4+124 933+54 98.5+7.0 NS <0.0005 <0.0005
BUN (mg/dL) 143+3.8 153+4.5 15.7+49 NS NS NS
Cre (mg/dL) 0.8+0.2 1.0+0.9 09+0.3 NS NS NS
eGFR (ml/min/1.73 m?) 81.4+£23.5 72.9+16.7 753+21.4 NS NS NS
HbAlc (%) 55+0.5 5.6+0.5 59+0.7 NS NS <0.05
IRI (mg/dL) 8.7+823 6.9+38 9.6+7.0 NS NS NS
BG (mg/dL) 96.1 £14.5 97.3+14.3 98.9+19.3 NS NS NS
HOMA-R 22+24 1.7+1.0 28+5.5 NS NS NS
PRA (ng/mL/h) 12+1.5 13+1.8 1.7+2.1 NS NS NS
Renin (pg/mL) 10.6 +12.4 93+9.8 16.6 +24.9 NS NS NS
Aldo (pg/mL) 129.2 +54.6 101.6 +40.0 114.5+65.0 NS NS NS
EPO (mIU/mL) 7.4+3.7 10.5+£9.9 10.9+£9.9 NS NS NS
Blood pressure at 6 a.m. (mmHg)
Systolic (mmHg) 125.9+18.8 128.6 £ 14.7 130.8 £ 18.0 NS NS NS
Diastolic (mmHg) 78.8+174 78.9 £ 14.7 742 +13.5 NS NS NS
Mean 94.5+16.6 923 +12.1 96.2+14.2 NS NS NS
Blood pressure at 1 p.m. (mmHg)
Systolic (mmHg) 1252+ 16.4 126.5+£19.3 127.8 +16.4 NS NS NS
Diastolic (mmHg) 72.6 164 70.7 +£10.9 763+ 14.5 NS NS NS
Mean 90.1 £15.2 89.3+11.5 93.5+14.5 NS NS NS
ESS 7.4+55 6.6+45 82+5.1 NS NS NS
Sleep study
TST (min) 431.6+79.4 406.4 +86.8 398.6 £99.7 NS NS NS
Sleep efficiency (%) 76.5+13.7 71.7+14.7 69.6+16.3 NS NS NS
% Stage N1 (%) 21.7+13.4 25.7+10.0 358+ 17.1 NS <0.005 <0.0005
% Stage N2 (%) 50.6+11.3 49.9+10.7 414+153 NS <0.005 <0.01
% Stage N3 (%) 11.1+£73 57+£57 53£6.0 <0.005 NS <0.0001
% Stage R (%) 152475 18.0+6.3 15.0+7.0 NS NS NS
érvc’e“;tzl/ﬁl;dex 17.7+6.2 24.6+10.3 38.7+19.1 NS <0.0001 <0.0001
AHI (events/h) 11.5+3.1 242+39 53.0+19.1 <0.0001 <0.0001 <0.0001
SpO, mean (%) 94.0+1.7 93.5+1.6 91.2+3.6 NS <0.0005 <0.0005
SpO, minimum (%) 84.8+5.5 80.9+7.4 74.8+5.5 NS <0.001 <0.0001
Desaturation index (events/h) 109+74 20.7+13.9 45.5+20.5 NS <0.01 <0.0001
(2) Incidence of comorbidities
Essential hypertension 10 (40 %) 17 (48.6 %) 65 (51.2 %) <0.01 NS <0.005
T2DM 3 (12 %) 8(22.9 %) 27 (21.3 %) NS NS NS
CKD 2 (8 %) 5(14.3 %) 32 (25.2 %) NS NS NS

Comparison of clinical characteristics among three OSAS groups was done by one-way ANOVA followed by Tukey-Kramer test. Data
are shown as mean + S.D. NS, not significant. Incidence of comorbidities is shown by the number of patients in each group (% of the
total patient number of each group). Incidence of comorbidities was compared among three OSAS groups using m x n contingency
table (Statcel 3, ESUMI Co., Ltd, Japan) followed by chi-square test with Yates’ correction for continuity.

BMI, body mass index; BUN, blood urea nitrogen; Cre, serum creatinine level; eGFR, estimated glomerular filtration rate; HbAlc,
hemoglobin Alc; IRI, immunoreactive insulin; BG, blood glucose; HOMA-R: homeostasis model assessment of insulin resistance;
PRA, plasma renin activity; Renin, plasma renin level; Aldo, plasma aldosterone levels; EPO, erythropoietin; ESS, Epworth sleepiness
scale; TST, total sleep time; % Stage N1, % stage non-REM sleep 1; % Stage N2, % stage non-REM sleep 2; % Stage N3, % stage
non-REM sleep 3; % Stage R, % stage REM sleep; AHI, apnea hypopnea index; SpO,, peripheral artery oxygen saturation; T2DM, Type
2 diabetes mellitus; CKD, chronic kidney disease.
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Table 3. Clinical characteristics and incidence of comorbidities in 72 female patients with obstructive sleep apnea syndrome (OSAS);
comparison among three groups of OSAS (mild, moderate and severe).
OSAS (n=72) p values
Mild Moderate Severe Mild vs. Moderate vs. Mild vs.
(n=13) (n=21) (n=138) Moderate Severe Severe
(1) Clinical characteristics
Age (year) 452+19.6 60.6 + 14.3 60.6 + 15.1 <0.05 NS <0.01
BMI (kg/m?) 23.1+5.6 27.8+6.7 29.6+£5.5 NS NS <0.001
Neck (cm) 324442 36.1£3.1 37.1+4.2 NS <0.05 <0.005
Waist/hip ratio (%) 95.0+15.6 89.6+11.4 96.4+£8.2 NS NS NS
BUN (mg/dL) 189+11.5 16.7+5.1 16.1 £10.4 NS NS NS
Cre (mg/dL) 0.7+0.2 0.7+0.1 0.7+0.6 NS NS NS
eGFR (ml/min/1.73 m?) 82.7+36.2 722+ 14.6 81.1+34.1 NS NS NS
HbAlc (%) 5.6+0.8 59+0.6 63+1.4 NS NS <0.05
IRI (mg/dL) 7.7+5.1 9.8+54 12.5+£8.2 NS NS NS
BG (mg/dL) 85.2+11.2 98.0£22.5 108.4 +42.2 NS NS NS
HOMA-R 1.7+1.4 24+1.5 3.6+3.8 NS NS NS
PRA (ng/mL/h) 14+1.0 22+32 14+1.0 NS NS NS
Renin (pg/mL) 11.1+8.5 15.7+£5.5 10.3+£14.0 NS NS NS
Aldo (pg/mL) 135.8 £57.2 120.8 = 68.7 111.5+61.9 NS NS NS
EPO (mIU/mL) 14.6 £254 17.1£22.6 10.9+5.8 NS NS NS
Blood pressure at 6 a.m. (mmHg)
Systolic (mmHg) 117.6 £21.3 126.2+14.0 136.7+23.2 NS NS <0.05
Diastolic (mmHg) 69.3£12.2 75.5+£12.2 772+15.5 NS NS NS
Mean 85.4+14.0 92.4+10.3 97.0+16.5 NS NS NS
Blood pressure at 1 p.m. (mmHg)
Systolic (mmHg) 115.5+16.9 115.4+22.9 129.4+19.9 NS <0.05 NS
Diastolic (mmHg) 70.4+7.9 75.6 £19.4 355+13.6 NS NS NS
Mean 84.8 8.7 889+ 14.4 93.5+14.5 NS NS NS
ESS 92+6.8 7.0+4.5 7.7+5.1 NS NS NS
Sleep study
TST (min) 451.8+81.7 425.4+96.4 391.9+98.4 NS NS NS
Sleep efficiency (%) 78.9+15.0 74.6 173 68.6 174 NS NS NS
% Stage N1 (%) 19.8+11.5 19.6 £9.0 34.6+16.2 NS <0.0005 <0.005
% Stage N2 (%) 46.2+153 49.1+11.6 46.5+11.5 NS NS NS
% Stage N3 (%) 15.6+9.8 10.6 £6.7 62+6.1 NS NS <0.0005
% Stage R (%) 193+6.4 15.7+6.4 126 +6.7 NS NS <0.005
Arousal index (events/h) 15.8+6.0 239+ 11.1 354+11.1 NS <0.05 <0.0001
AHI (events/h) 99+2.0 23.6+5.1 52.7+175 <0.0001 <0.0001 <0.0001
SpO, mean (%) 954+12 92.1+34 91.2+32 <0.005 NS <0.0005
SpO, minimum (%) 86.4+4.1 80.9+6.4 76.5+8.6 NS NS <0.0005
Desaturation index (events/h) 8.1+3.7 20.5+7.1 48.0+22.0 NS <0.0001 <0.0001
(2) Incidence of comorbidities
Essential hypertension 1 (7.7 %) 13 (61.9 %) 22 (57.9 %) <0.01 <0.05 <0.005
T2DM 2 (15.4 %) 5(23.8 %) 14 (36.8 %) NS NS NS
CKD 3(23.1 %) 2(9.5 %) 8 (21.1 %) NS NS NS

Comparison of clinical characteristics among three OSAS groups was done by one-way ANOVA followed by Tukey-Kramer test. Data
are shown as mean = S.D. NS, not significant. Incidence of comorbidities is shown by the number of patients in each group (% of the
total patient number of each group). Incidence of comorbidities was compared among three OSAS groups using m x n contingency

table (Statcel 3, ESUMI Co., Ltd, Japan) followed by chi-square test with Yates’ correction for continuity.

BMI, body mass index; BUN, blood urea nitrogen; Cre, serum creatinine level; eGFR, estimated glomerular filtration rate; HbAlc,
hemoglobin Alc; IRI, immunoreactive insulin; BG, blood glucose; HOMA-R: homeostasis model assessment of insulin resistance;
PRA, plasma renin activity; Renin, plasma renin level; Aldo, plasma aldosterone levels; EPO, erythropoietin; ESS, Epworth sleepiness
scale; TST, total sleep time; % Stage N1, % stage non-REM sleep 1; % Stage N2, % stage non-REM sleep 2; % Stage N3, % stage
non-REM sleep 3; % Stage R, % stage REM sleep; AHI, apnea hypopnea index; SpO,, peripheral artery oxygen saturation; T2DM,
Type 2 diabetes mellitus; CKD, chronic kidney disease.
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was significantly lower in female severe OSAS patients (Table 3),
when compared to respective mild or moderate OSAS patients.
Moreover, the incidence of essential hypertension was significantly
higher in severe OSAS patients, compared to mild or moderate OSAS
patients in both sexes (Tables 2 and 3).

Measurement of plasma s(P)RR levels

Blood samples were collected from cubital veins using apro-
tinin-added vacuum blood collection tubes at approximately 6 a.m.
after undergoing PSG. Plasma was immediately isolated by centrifu-
gation at 3,000 r.p.m. at 4°C and stored at —60°C until measurement.
Plasma s(P)RR was measured by enzyme-linked immunosorbent
assay (ELISA; Immuno-Biological Laboratories Co., Ltd., Fujioka,
Japan) following the manufacturer’s protocols in the Department of
Endocrinology and Applied Medical Science of Tohoku University
Graduate School of Medicine (Nishijima et al. 2014).

Measurement of plasma renin activity and plasma renin and aldoste-
rone concentrations

Plasma renin activity (PRA) and plasma concentrations of renin
and aldosterone were measured by radioimmunoassay (SRL, Inc.,
Tokyo, Japan).

Nasal continuous positive airway pressure (nCPAP)

Forty one (26 males and 15 females) out of the 259 OSAS
patients were treated with nCPAP (REMstar Auto M series, Philips
Respironics, Andover, MA, USA). The 41 OSAS patients (8 patients
with 20 < AHI < 30 events/h, and 33 patients with AHI > 30 events/h)
were selected for nCPAP treatment based on the application criteria
for the Japanese social insurance system (AHI > 20 events/h). With
informed consent, blood samples were obtained from these patients
before and after the nCPAP treatment for a mean of 250.9 days, and
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plasma s(P)RR levels were measured. Sleep parameters before and
after the treatment of nCPAP in 41 OSAS patients are shown in Table
4.

The automatic pressure adjustment mode (auto CPAP) was used
for the pressure setting for the initial 2 weeks of nCPAP treatment.
An appropriate pressure was then determined based on the records
from Average Device Pressure < 90% of time of the treatment moni-
tor (on-board memory) installed in the nCPAP device, and the pres-
sure was adjusted during the following treatment period.

Statistical analysis

The data are shown as means =+ standard deviation (S.D.) unless
otherwise stated. All statistical analyses were performed with
StatView 5.0 (Abacus Concepts, Berkeley, CA, USA) and Stata 12
(StataCorp LP, College Station, TX, USA). Comparisons of clinical
characteristics including PSG data between the non-OSAS and OSAS
groups were done by Mann-Whitney U test. Comparison of clinical
characteristics and plasma s(P)RR levels among the groups was done
by one-way ANOVA followed by Tukey-Kramer test. Incidence of
comorbidities was compared among three OSAS groups in each sex
using m x n contingency table (Statcel 3, ESUMI Co., Ltd, Japan)
followed by chi-square test with Yates’ correction for continuity.

The association between plasma s(P)RR levels and clinical
characteristics including sleep parameters obtained by PSG were ana-
lyzed by Peason’s correlation coefficient. Linear trends in propor-
tions across the categories were analyzed with chi-square test for
independence. The influence of anti-hypertensive drugs on plasma
s(P)RR concentrations was analyzed by analysis of covariance.
Comparisons of plasma s(P)RR levels and clinical data before and
after nCPAP treatment were done by paired Student’s #-test.

Table 4. Comparison of sleep parameters before and after the treatment of nasal continuous positive airway pressure (nCPAP) in 41

patients with obstructive sleep apnea hypopnea syndrome.

All Subjects (n=41) Male (n = 26) Female (n=15)
Before nCPAP ~ After nCPAP  Before nCPAP  After nCPAP  Before nCPAP  After nCPAP
ESS 7.8+5.5 3.8+£2.8% 73+52 3.7+£22% 87+6.1 4.1+3.7
Sleep study
TST (mins) 408.6 + 83.6 430.7 £ 71.57 406.8 = 64.0 4273 +£60.5 411.6 £ 112.5 436.6 +89.5
Sleep efficiency (%) 71.4+14.7 75.5+12.27 70.6 £11.2 75.1+10.4% 72.2+£19.7 763 +15.2
% Stage N1 (%) 375173 20.1 £ 11.3* 38.2+18.7 22.2+12.6" 36.3+152 16.6 £ 7.6*
% Stage N2 (%) 464+13.3 55.8+12.0" 452+13.9 532+ 11.41 48.6+12.2 60.4 +12.2¢
% Stage N3 (%) 33+3.7 6.7+5.1" 3.1+3.8 6.6 51" 3.7+35 6.7+5.4"
% Stage R (%) 12.7+6.2 17.4+5.6" 13.6 +6.4 18.0 £5.1% 11.0+5.7 16.4 + 6.5%
Arousal index (events/h) 39.8 +21.6 16.0+11.1* 40.2+234 17.0 +£13.3* 39.1+189 14.5+5.8"
AHI (events/h) 51.4+23.1 6.1 +6.4% 473+233 5.0 +4.5% 58.4+21.8 8.0+ 8.7%
SpO, mean (%) 91.2+3.5 95.1 £ 1.5% 91.5+£32 95.1 £ 1.6* 90.6 +4.0 95.0 + 1.4
SpO, minimum (%) 78.6+7.8 87.7+4.5* 795+7.2 88.5+3.1* 76.9 £ 8.6 86.1 £6.27
Desaturation index (events/h) 454+£25.0 5.1+£6.5% 38.7+23.8 4.2 +4.5% 56.8+23.4 6.6 £9.0*

Comparisons of sleep parameters between before and after nCPAP were carried out by paired Student’s t-test. The data are shown as

mean + S.D.

fp <0.05; ip< 0.01; *p < 0.005; Sp < 0.001; fp < 0.0005; *p < 0.0001.

ESS, Epworth sleepiness scale; TST, total sleep time; % Stage N1, % stage non-REM sleep 1; % Stage N2, % stage non-REM sleep 2;
% Stage N3, % stage non-REM sleep 3; % Stage R, % stage REM sleep; AHI, apnea hypopnea index; SpO,, peripheral artery oxygen

saturation
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Results

Relationship between plasma s(P)RR concentrations and
OSAS severity

Plasma s(P)RR concentrations were significantly ele-
vated in all three groups of OSAS patients (mild OSAS
10.5 + 3.4 ng/mL, n = 38; moderate OSAS 10.8 + 3.4 ng/
mL, n = 56; and severe OSAS 12.3 + 3.2 ng/mL, n = 165)
compared to non-OSAS control subjects (7.5 = 1.9 ng/mL,
n = 30) in the entire cohort (p < 0.0001) (Fig. 1A). In the
male subjects, plasma s(P)RR concentrations were also sig-
nificantly elevated in all three groups of OSAS patients
(mild OSAS 10.0 + 3.3 ng/mL, n = 25; moderate OSAS
10.8 = 3.4 ng/mL, n = 35; and severe OSAS 12.3 + 3.2 ng/
mL, n = 127) compared to non-OSAS control subjects (7.2
+ 1.6 ng/mL, n = 19) (Fig. 1B, the left panel). By contrast,
in the female subjects, plasma s(P)RR concentrations were
significantly elevated only in severe OSAS (12.2 + 3.1 ng/
mL, n = 38) compared to non-OSAS control subjects (8.2 +
2.0 ng/mL, n = 11) (p < 0.005) (Fig. 1B, the right panel).

Plasma s(P)RR concentrations in 206 male subjects
(11.3 + 3.5 ng/mL) were not significantly different from
those in 83 female subjects (11.3 + 3.3 ng/mL).
Furthermore, there was no significant difference in plasma
s(P)RR concentrations between male and female subjects in
each group (non-OSAS, mild OSAS, moderate OSAS, or
severe OSAS).

Relationship between plasma s(P)RR concentrations and
clinical characteristics including PSG parameters

Correlations between plasma s(P)RR concentrations
and clinical characteristics including PSG findings were
studied in the entire cohort (n = 289), male subjects (n =
206) and female subjects (n = 86), respectively. Significant
results were summarized in Table 5. The plasma s(P)RR
concentrations showed significant positive correlations with
AHI and Arl in either the entire cohort (AHI » = 0.371, p <
0.0001; Arl » = 0.386, p < 0.0001), male subjects (AHI r =
0.413, p < 0.0001; Arl » = 0.427, p < 0.0001), or female
subjects (AHI » = 0.263, p < 0.05; Arl » = 0.277, p < 0.05)
(Fig. 2A, B, Table 5), indicating that plasma s(P)RR con-
centrations reflected the severity of OSAS. The r values in
the correlations of plasma s(P)RR levels with AHI and Arl
were greater in the male subjects than in the female sub-
jects.

Furthermore, the plasma s(P)RR levels in male sub-
jects showed significant positive correlations with the waist/
hip ratio (Fig. 2D), HbAlc, immuoreactive insulin (IRI),
plasma renin levels, % stage non-REM sleep 1 (Fig. 2C)
and desaturation index, and significant inverse correlations
with eGFR (Fig. 2E), % stage non-REM sleep 2, % stage
REM sleep, and mean and minimum peripheral artery oxy-
gen saturation (Table 5). By contrast, the plasma s(P)RR
levels in female subjects showed significant positive corre-
lations with the age, the waist/hip ratio (Fig. 2D), BUN,
serum creatinine levels, and %stage non-REM sleep 1 (Fig.

2C), and a significant inverse correlation with eGFR (Fig.
2E) (Table 5).

Plasma s(P)RR concentrations were not significantly
correlated with plasma renin activity (PRA) or plasma aldo-
sterone levels in the entire cohort, male subjects or female
subjects (p > 0.05) (data not shown).

Correlation between plasma s(P)RR concentrations and
OSAS comorbidities

We then studied the relationship between plasma
s(P)RR concentrations, and the presence of hypertension,
T2DM or CKD in 187 male and 72 female OSAS patients,
respectively.

There was no significant difference in plasma s(P)RR
concentrations between OSAS patients complicated with
hypertension and those without hypertension in both sexes
(male 12.0 + 3.6 ng/mL, n =105 vs. 11.3 £ 3.0 ng/mL, n =
82, p>0.15; female 11.6 = 3.1 ng/mL, n =35 vs. 11.9 £ 3.3
ng/mL, n =37, p > 0.7) (Fig. 3A, B). The analysis of cova-
riance showed no significant difference in plasma s(P)RR
concentrations between OSAS patients with and without
one of the following anti-hypertensive drugs; angiotensin-
converting enzyme inhibitors (n = 21), angiotensin receptor
antagonists (n = 79), calcium channel blockers (n = 85),
direct renin inhibitors (n = 6), a-adrenergic blacking agents
(n = 4), p-adrenergic blacking agents (n = 26) and diuretics
(n = 28). Thus, anti-hypertensive drugs had no significant
effects on plasma s(P)RR concentrations in OSAS patients.

On the other hand, plasma s(P)RR concentrations were
significantly higher in OSAS patients with T2DM than in
those without it in both sexes (male 13.2 + 3.5 ng/mL, n =
41 vs. 11.3 £ 3.3 ng/mL, n = 146, p < 0.005; female 13.6 +
3.1 ng/mL, n=21vs. 11.0 £ 2.9 ng/mL, n =51, p <0.001)
(Fig. 3A, B). Moreover, plasma s(P)RR concentrations
were significantly higher in OSAS patients with CKD than
in those without CKD (male 12.8 £+ 3.4 ng/mL, n = 39 vs.
11.4 £ 3.3 ng/mL, n = 148, p < 0.05; female 14.0 + 3.9 ng/
mL, n =13 vs. 11.2 £ 2.8 ng/mL, n = 59, p < 0.005) (Fig.
3A, B).

We then grouped the OSAS patients into 4 groups; (1)
patients without T2DM or CKD (119 males and 44
females), (2) patients with T2DM but no CKD (29 males
and 15 females), (3) patients with CKD but no T2DM (27
males and 8 females), and (4) patients with both T2DM and
CKD (diabetic nephropathy) (12 males and 5 females); and
compared plasma s(P)RR concentrations in each sex (Fig.
3C, D). In male OSAS patients, plasma s(P)RR levels were
significantly higher only in ‘patients with T2DM but no
CKD’ than in ‘patients without T2DM or CKD’ (13.0 + 3.7
ng/mL, n =29 vs. 11.0 = 3.2 ng/mL, n = 119, p < 0.005)
(Fig. 3C). By contrast, in female OSAS patients, plasma
s(P)RR levels were significantly higher in ‘patients with
both T2DM and CKD (diabetic nephropathy)’ (16.7 + 2.4
ng/mL, n = 5) than in other three groups (Fig. 3D).
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Fig. 1. Plasma concentrations of soluble (pro)renin receptor [s(P)RR].

Plasma concentrations of s(P)RR in control subjects without obstructive sleep apnea syndrome (non-OSAS) [n = 30
(19 males and 11 females), apnea-hypopnea index (AHI) < 5 events/h] and patients with obstructive sleep apnea syn-
drome (OSAS) [ = 259 (187 males and 72 females), AHI > 5 events/h] are shown. Two hundred fifty nine OSAS
patients were classified into three groups following AHI (a measure of OSAS severity); patients with mild OSAS (Mild
OSAS) [n = 38 (25 males and 13 females), 5 < AHI < 15 events/h], patients with moderate OSAS (Moderate OSAS)
[n =56 (35 males and 21 females), 15 < AHI < 30 events/h], and patients with severe OSAS (Severe OSAS) [n = 165
(127 males and 38 females), AHI > 30 events/h]. Graph A shows plasma s(P)RR concentrations (mean + S.D.) in the
total cohort (n = 289), and graph B shows plasma s(P)RR concentrations in male (n = 206) and female subjects (7 = 83),
respectively. Comparisons of plasma s(P)RR levels among the groups were carried out with one-way ANOVA followed
by Tukey-Kramer test ('p < 0.05; p < 0.005; *p < 0.0001).
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Table 5. Correlation of plasma s(P)RR levels with clinical characteristic and polysomnography parameters in 289 subjects consisting of
259 patients with obstructive sleep apnea syndrome (OSAS) and 30 non-OSAS control subjects.

Plasma s(P)RR levels

All subjects Male Female
(n=289) (n=206) (n=183)
r p values r p values r p values

Age (years) - NS - NS 0.236 <0.05
Waist/hip ratio (%) 0.21 <0.001 0.204 <0.005 0.24 <0.05
HbAlc (%) 0.26 <0.0001 0.329 <0.0001 - NS
IRI (mg/dL) - NS 0.242 <0.0005 - NS
BUN (mg/dL) - NS - NS 0.242 <0.05
Cre (mg/dL) - NS - NS 0.29 <0.05
eGFR (ml/min/1.73 m?) —0.242 <0.0001 —0.242 <0.005 —0.242 <0.05
Plasma renin levels (pg/mL) - NS 0.208 <0.005 - NS
Sleep Study

% Stage N1 0.286 <0.0001 0.286 <0.0001 0.297 <0.01

% Stage N2 - NS -0.212 <0.005 - NS

% Stage N3 - NS - NS - NS

% Stage R -0.27 <0.0001 —0.236 <0.001 —-0.206 NS

AHI (events/h) 0.371 <0.0001 0.413 <0.0001 0.263 <0.05

Arousal index (events/h) 0.386 <0.0001 0.427 <0.0001 0.277 <0.05

Desaturation index (events/h) 0.317 <0.0001 0.359 <0.0001 0.208 NS

SpO, mean (%) —0.242 <0.0001 -0.274 <0.0001 - NS

SpO, minimum (%) -0.223 <0.0005 —0.238 <0.001 - NS

The association between plasma s(P)RR levels and clinical characteristics including sleep parameters obtained by polysomnography
were analyzed by Fisher’s exact test. Only the parameters which show positive correlations with plasma s(P)RR levels in any group are
shown in the Table. A correlation coefficient less than 0.2 is shown by a horizontal line.
HbAlc, hemoglobin Alc; IRI, immunoreactive insulin; BUN, blood urea nitrogen; Cre, serum creatinine level; eGFR, estimated
glomerular filtration rate; % Stage N1, % stage non-REM sleep 1; % Stage N2, % stage non-REM sleep 2; % Stage N3, % stage

non-REM sleep 3; % Stage R, % stage REM sleep; AHI, apnea hypopnea index; SpO,, peripheral artery oxygen saturation.

Changes in plasma s(P)RR concentrations after nCPAP
treatment

As shown in Table 4, the sleep parameters including
AHI and Arl improved after treatment with nCPAP (dura-
tion of 250.9 £+ 183.9 days) in the 41 OSAS patients (26
males and 15 females). In addition, the mean blood pres-
sure at 6 a.m. decreased significantly from 95.2 + 14.2
mmHg to 90.1 + 12.4 mmHg (p < 0.05), and plasma renin
concentrations increased significantly from 9.8 = 11.8 pg/
mL to 18.6 £ 27.2 pg/mL (p < 0.05) in the 41 patients
treated with nCPAP. Moreover, in the 15 female patients
treated with nCPAP, the systolic blood pressure at 6 a.m.
decreased significantly from 142.0 + 22.5 mmHg to 127.2 +
22.9 mmHg (p < 0.05), but no such changes in the 26 male
patients. No significant changes were observed in the other
clinical data, such as BMI, serum creatinine levels, eGFR,
HbAlc, IRI, blood glucose levels, HOMA-R, PRA, plasma
aldosterone concentrations and plasma erythropoietin con-
centrations, between before and after n"CPAP treatment.

Plasma s(P)RR concentrations were significantly
reduced from 12.1 £ 2.2 to 9.1 + 2.6 ng/mL in male OSAS
patients (p < 0.0001), and from 12.3 + 2.6 to 9.9 + 2.5 ng/

mL in female OSAS patients (p < 0.05) after nCPAP treat-
ment (Fig. 4). The presence of T2DM or CKD did not
affect the reduction in plasma s(P)RR concentrations by
nCPAP treatment significantly either in male or female sub-
jects (data not shown). The patients treated with nCPAP
included one male and one female OSAS patients with both
T2DM and CKD. Both the patients also showed the reduc-
tion of plasma s(P)RR levels by nCPAP treatment (from
15.9 to 8.3 ng/mL and from 18.1 to 15.9 ng/mL, respec-
tively).

Discussion

The present study has shown that plasma s(P)RR lev-
els were elevated in OSAS patients of both sexes, with a
higher association with the severity of OSAS found in male
subjects. The (P)RR gene is located in the p11.4 region of
the X chromosome (Nguyen 2011). In addition, OSAS
occurs more frequently in men than in women (Young et al.
1993). We therefore sought sex differences of plasma
s(P)RR concentrations in OSAS patients. There was no
significant difference in the mean plasma s(P)RR concen-
trations between the male and female subjects without
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Fig. 2. Significant correlation of plasma soluble (pro)renin receptor [s(P)RR] levels with clinical characteristic and polysom-
nography parameters. Significant correlation was found between plasma s(P)RR concentrations and apnea hypopnea
index (AHI) (A), arousal index (Arl) (B), % stage non-rapid eye movement sleep 1 (% stage N1) (C), weight/hip ratio
(D), and estimated glomerular filtration rate (¢GFR) (E) in 289 subjects (206 males and 83 females) consisting of 259
patients with obstructive sleep apnea syndrome (OSAS) and 30 non-OSAS control subjects. The dashed lines show the
trend for all subjects. The dotted lines and dark circles show male subjects, and the solid lines and gray circles show fe-
male subjects, respectively. The » values and p values in each correlation are shown in Table 5.

OSAS, consistent with the report on plasma s(P)RR in
healthy subjects by Nguyen et al. (2014). However, studies
on the relationship between plasma s(P)RR concentrations
and clinical characteristics suggested that the severity of
OSAS, the altered % sleep stages, hypoxemia during sleep
and T2DM affected the plasma s(P)RR levels in male
OSAS patients in a greater degree than in female OSAS
patients. By contrast, the presence of diabetic nephropathy
appeared to have greater effects on plasma s(P)RR levels in
female OSAS patients. To the best of our knowledge, this
is the first report of the sex difference in plasma s(P)RR
concentrations in OSAS patients.

Plasma s(P)RR concentrations were elevated in OSAS
patients complicated with T2DM or CKD in each sex.
Although Watanabe et al. (2013) reported that increased
plasma s(P)RR concentrations at early pregnancy may pre-
dict the development of gestational diabetes mellitus, there
has been no report on elevated plasma levels of s(P)RR in
patients with T2DM. Combination of OSAS and T2DM
may synergistically elevate plasma s(P)RR concentrations
in the present study. In addition, plasma s(P)RR concentra-
tions were inversely correlated with eGFR, and were ele-
vated in OSAS patients complicated with CKD in both
sexes. This finding was consistent with the previous studies
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Fig. 3. Influence of hypertension, type 2 diabetes mellitus (T2DM), or chronic kidney disease (CKD) on plasma s(P)RR con-
centrations. A. Plasma s(P)RR concentrations in male OSAS patients with and without hypertension (n = 105 and n =
82), with and without T2DM (n = 41 and n = 146) and with and without CKD (n = 39 and n = 148). B. Plasma s(P)RR
concentrations in female OSAS patients with and without hypertension (» = 35 and n = 37), with and without T2DM (n
=21 and n =51), and with and without CKD (n =13 and n =59). C and D. Plasma s(P)RR concentrations in 4 groups
of (C) male and (D) female OSAS patients: (1) patients without T2DM and CKD (119 males and 44 females), (2) pa-
tients with T2DM but no CKD (29 males and 15 females), (3) patients with CKD but no T2DM (27 males and 8 fe-
males), and (4) patients with both T2DM and CKD (diabetic nephropathy) (12 males and 5 females). Data are shown as
mean + S.D. ("p <0.05; *p <0.01; ’p <0.005; *p <0.001; ’p < 0.0005; *p < 0.0001).

in non-OSAS subjects, which showed that serum s(P)RR
levels correlated with renal function (Hamada et al. 2013;
Morimoto et al. 2014). Particularly, higher plasma s(P)RR
levels were found in female OSAS patients with both

T2DM and CKD (diabetic nephropathy), but not in male
OSAS patients with the same comorbidities, indicating that
the presence of diabetic nephropathy is an important factor
for plasma s(P)RR levels in female OSAS patients.
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Fig. 4. Effects of nasal continuous positive airway pressure (nCPAP) treatment. Changes in plasma soluble (pro)renin recep-
tor [s(P)RR] concentrations before and after nCPAP treatment for an average of 250.9 days were studied in (A) 26 male
and (B) 15 female OSAS patients with an AHI score > 20. The closed circles and the bars show mean = S.D. of plasma
s(P)RR concentrations before and after nCPAP treatment ('p < 0.05; *p < 0.0001).

The present study has suggested that plasma s(P)RR
concentrations are significantly related with the REM-non-
REM cycle in OSAS patients, particularly in male patients.
Fragmented sleep in OSAS patients with high Arl scores
may result in the decrease of % stage REM sleep, which
may partly explain the inverse correlation between plasma
s(P)RR levels and % stage REM sleep in male OSAS
patients. O’Connor et al. (2000) reported that obstructive
sleep apnea during REM sleep is more common in women
than in men, and that women have a greater clustering of
respiratory events during REM sleep than do men have,
probably reflecting the sex differences in upper airway
function during sleep. Obstructive sleep apnea is, therefore,
less severe in women because of milder obstructive sleep
apnea during non-REM sleep. The difference in obstructive
sleep apnea during the REM-non-REM cycle between male
and female may partly explain our findings on the greater
association between plasma s(P)RR levels and the REM-
non-REM cycle in male patients.

It is noteworthy that (P)RR forms the functional com-

plex with the v-ATPase, which plays fundamental and
physiological roles in the cellular function, including pro-
hormone processing and transport of neurotransmitters
(Adams et al. 2006). Tani et al. (2015) reported that
(P)RR, together with v-ATPase, played a stimulatory role in
the secretion of growth hormone by pituitary tumor cells.
Because (P)RR is widely distributed in the brain (Takahashi
et al. 2010a, 2015), the complex of (P)RR and v-ATPase
may also play essential roles in the processing and secretion
of sleep-related neuropeptides, such as orexins (Nishijima
et al. 2003). It is therefore tempting to speculate that
s(P)RR in plasma may reflect some disturbance in the brain
function during obstructive sleep apnea. In this regard,
Almendros et al. (2011) studied tissue oxygenation of brain,
muscle and fat in a rat model of sleep apnea, and found that
arterial oxygen saturation increased fast in brain after
hypoxemia during obstructive apneas, but not in muscle or
fat tissues. This response may cause harmful effects on the
brain function by oxidative stress although it may protect
against hypoxia.
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(P)RR is expressed, however, in almost all types of
organs and cells, including heart and kidney (Hirose et al.
2009b, 2010). In an 18-year study of the Wisconsin sleep
cohort, Young et al. (2008) reported that all-cause mortality
risk was significantly increased with severity of sleep disor-
dered breathing, and that compared to individuals without
sleep-disordered breathing, the adjusted mortality risks
were highest for severe OSAS patients (AHI > 30 events/h)
who had not used CPAP; the hazard ratio for all-cause mor-
tality was 3.8 and the hazard ratio for cardiovascular mor-
tality was 5.2. Thus, they pointed out that a greater propor-
tion of subjects with OSAS died of cardiovascular diseases.
Another possible major source for elevated s(P)RR in
plasma may therefore be cardiovascular and renal organs in
OSAS patients.

Plasma s(P)RR concentrations significantly decreased
in both male and female OSAS patients after nCPAP treat-
ment. The p value of the male OSAS patients was lower
than that of the female in the comparison of plasma s(P)RR
levels between before and after the nCPAP treatment (p <
0.0001 vs. p < 0.05 in Fig. 4A), consistent with the finding
that plasma s(P)RR levels before the nCPAP treatment were
more highly associated with AHI and Arl in male subjects
(Fig. 2A, B, Table 4). Harsch et al. (2004) reported that
nCPAP treatment decreased the levels of various inflamma-
tory cytokines and fasting leptin, and improved insulin sen-
sitivity in OSAS patients. Moreover, Narkiewicz et al.
(1999) reported that long-term CPAP treatment decreased
muscle sympathetic nerve activity in OSAS patients.
Possible mediators which affected changes in plasma
s(P)RR concentration after nCPAP treatment may therefore
include intermittent hypoxemia, oxidative stress, inflamma-
tory cytokines, the sympathetic nerve activity, and the status
of neurotransmitters/ neuromodulators in the brain. On the
other hand, it remained to be clarified which mediator(s)
was most directly related to the elevation of plasma s(P)RR
concentrations and their reduction by treatment of nCPAP
in OSAS patients.

The limitation of the present study was the small num-
ber of the female subjects. We confirmed actual power by
the power analysis of the subjects in each sex (Cohen
1988). The actual power of the male subjects was more
than 0.8 for the analysis shown in Figs. 1, 2 and 3, and 0.65
for Fig. 4. On the other hand, the actual power of the
female subjects was more than 0.8 for the analysis shown in
Fig. 2, but less than 0.35 for Figs. 1, 3 and 4. Further stud-
ies in the population containing a larger number of female
OSAS patients are therefore required to draw a definite
conclusion on the sex difference of plasma s(P)RR concen-
trations in OSAS patients.

In conclusion, plasma s(P)RR levels were elevated in
OSAS patients of both sexes, with a higher association with
the severity of OSAS found in male subjects. The severity
of OSAS, the altered % sleep stages, hypoxemia during
sleep and T2DM affected the plasma s(P)RR levels in male
OSAS patients in a greater degree than in female OSAS

patients. By contrast, the presence of diabetic nephropathy
may have greater effects on the plasma s(P)RR levels in
female OSAS patients. To the best of our knowledge, this
is the first report of the sex difference in plasma s(P)RR
concentrations in OSAS patients.
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