PME< . SDB OEEEE KN -T2,

ABFZEH S IR ORBENSEEVE . CD 2 W T AHI 2 & L7354 SDB B3
ELTIEREEN Y . CPAP JIEDRBEIL N B AN Y T HERDGFET S

ZEBHLMI o T,

A. BIEBE®

SDB i, SEFIC BV T HH LWER
RGRIESPBRE SN D EBEH LW
JRIETHY | TOZMICB N TbE
T EiE T dh 5 5 R IR K M K 5 2K

(Apnea Hypopnea Index: AHI) ) fi# 4T 2
YRR IARIE R DR B BB TR 12—
SNTZENTT VDTN,

K E RS2 (American Academy of
Sleep Medicine, AASM) . 1999 4
@ Task forced T, ZEHEIRME D> 5 50%
YL EDOMREEOIE T, 25 WIZh
Bl & 72 < TH 3% ED SpO, D
BTH LI EOFREEUT
arousal %9 b D Z KRR & HE L

(The Report of American Academy of
Sleep Medicine Task Force: Sleep-related
in adults:

breathing disorders

Recommendations for syndrome
definition and measurement techniques in
clinical Sleep 22:667-689,
1999.). 2001 & Position Paper Tid,
30 % O a5 R E B 7> SR il R O B
ZRD, podlal b 4%ULED
Sp0, DIE T %4 H b D71 & AR
CHIET D Z L nRE S (Meoli
AL, Casey KR, Clark RW.
Hypopnea in Sleep-Disordered Breathing

research.

et al
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in Adults. SLEEP 24, 469-470, 2001.),
F D% 2005 FEIZILAHTE % Research
Definition (LT RD). #% % Clinical
Definition (LLF CD) &95Z &L %#4R
& L 72 (Kushida CA, Littner MR,
T,
the

Morgenthaler et al. Practice

Indications  for
Polysomnography Related

Procedures: An 2005.
SLEEP28:499-521. 2005.) . 2007 “F{Zi%
CD 7’ recommendation, RD /¥ alternative
O 72 o 7= (Iber C, Ancoli-Israel S,
Chesson Jr. AL, et al. The AASM manual

Parameters for
and

Update for

for the scoring of sleep and associated
events, American Academy of Sleep
Medicine, 2007.) .

AT TIL, 2 DDRR DA EEYE
T % RD & CDIZ & 5 PSG IRER R
FEAT OFEZ B DI T D720, [F
—fEHIT RD £ % AHI (RD-AHD) &
CD X % AHI (CD-AHD) ZHEH L. %
DFEEIRALR. SDB DM - 16 I KIFE

8 B X UO'RD-AHI & CD-AHI %3
TFepEd BRI OWTHRE LT,

B Wik
2005 4E 11 B 225 2007 &7 A DRI



WK KF T, PSG REEXIT7- 50 &

1. HBEHEOEZ

LITOBEM s4 plextggl Liz (K1),

FEln HE (cm) AE (kg) BMI (kg/m?)
n=54 34.6+9.2 171.145.2 78.6+13.3 26.8+4.5
SEHE AR U R

IEE U727 — & 1%, HIFtE» BRI
X DT 2TV ARPFR OH]E LIS,
[Al— DY) e KA 2 (The Report
of American Academy of Sleep Medicine
Task Force: Sleep-related breathing
disorders in adults: Recommendations for
syndrome definition and measurement
techniques in clinical research. Sleep
22:667-689, 1999.),

KRR OHIEL, AR DBAAART 2
Gy DLE U T MR IR R O E, b
U < IR 2 53 NS & GE LT FFRAS 720
LEIZIE, TD25HOFTRENS
5 3HRNE D E 2 SLHEIRIE & LT,
Ty vx—k Y —07r—REIF
DEERIEL D . O50% LU KT Lz
e @50%LL FIERTFIE L Tuhanas,
3%LL LD SpO, DIE T FEH b 2%
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By @50%LL EETIE L TV,
arousal O LN DGHE D WT A
DIRREDS 10 LU LFBO b D% E % .
RD (2 & D&% & H)%E L (The Report
of American Academy of Sleep Medicine
Task Force: Sleep-related breathing
disorders in adults: Recommendations for
syndrome definition and measurement
techniques in clinical research. Sleep
22:667-689, 1999.) . 7 1 —iRIEAH FYE
RIE L Y 30% L HET Lyo4% LUk
® SpO, DIK TR 10 LLEFRD b5
BE% CD IS K DIEMER LHE L

(Meoli AL, Casey KR, Clark RW. et al.
Hypopnea in Sleep-Disordered Breathing
in Adults. Sleep 24, 469-470, 2001.) (x|
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KT 272\, CD TR & f)
EZINROD, DL 3% D SpO, 1K &
HERISE, @B L U@ITREIEDET
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AHEARAFRT (Total Sleep Time: TST) .
MEARZh= (Sleep Efficiency: SE) . HEAR
1B 720 ORERLOE K
(arousal Index) . {KEERDIEIETH 5
MERR 7 DR L Be R faFn . (SpO,) D
#IfE (44 SpO,) | & fiE (e f& SpO,) .
90 % AR 1272 > e R D EI S (SpO,
<90%) . MEMRFFEREE DRIETH D
FEAR 1 BRI %72 0 OEER DOEIE T H
5L fE4 (Apnea Index: AI) &
RD & CD IZ & o Tk b HHEIR 1
IRF R 24 72 O oD JE 0 DR AR PR 0 oD [B] 2%

C. R (%2

2 2. 54 51D PSG fRAT#E B

(RD-AHI & CD-AHI) X OEIR 1
REf 2 72 © OARFER DA% (RD-HI &
CD-HI) #EH L7z, £72. RD & CD
\2& A AHI B L O HI OFlfEsY, £
L ZE nE B X { (RD-AHI)

(CD-AHI) } /RD-AHI) x 100 (%) .

{ (RD-HI) — (CD-HI) } / RD-HI) x 100

(%) HRD, -

FRBZ—REVF, FERILLROT t B E
TV, ThEh P<0.05 2 F B K%
L L7,

HAL Mean+SD
TST oS 440.5+58.7
SE % 84.7+9.4
Arousal Index [B]/hr 28.4+17.6
5 SpO2 % 96.0+2.5
B AK SpO2 % 79.9+12.9
Sp02<90% % 5.10+10.6
Al [&]/hr 19.1+21.3
RD-AHI [B]/hr 29.6+24.4
CD-AHI [E]/hr 24.2424.3
RD-HI [a]/hr 10.5+9.9
CD-HI [&]/hr 5.1£7.9
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SDB DEEEDFIETH D AHI T
X, RD-AHI & CD-AHI ORIZHE
FHBIRELE (r=0.985. p<0.001) 7333
DN, TEREOREIERIC XL -
THEY . FeBEEIE 31.9+264% (OF
BIELSD) Tho7= (X 2), TDOE
. RD TiXSDB (AHI=5) LHIES

NG, CD Tk TERE®EL] &
EZNDHERD 8 H (15%) H Y. RD
T AHI 20 & 72> T CPAP BIEDIF
BRI E SD 31 4 9 Bl (29%)
723, CD Tix AHI<20 LHIEENT
CPAP JRiEDIREREIG D> DRSS T
LEo7= (F3),
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RD-AHI & CD-AHI 230872 AR 23380 b2y, TeBERIL 61.7+29.5%
¥ A&\~ RD-HI & CD-HI ORIz b L7 (X 3),
BE MR (1=0.918, p<0.001)

) | | | /
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) /
) / ]
) / T *

¥ E J
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RD-HI (E/h r)

CD-HI ([E.hr)

3 : RD-HI & CD-HI @ B{%
HE 2 FEBARISR (r=0.918, p<0:001) 233D L 5 23, i, RD-AHI & CD-AHI
DOEAFE I D KX,

BMI & AHI FelfRICi3. AOME%Z  #n e AHI FeBERIIIMET o7z
W7 (r=—0.329, P<0.05) 25, 4 (X 4),
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4 : BMI & AHI TeB=R O EI%

BOMEZED (r=—0329, P<0.05). B (BMI) OBRENEWVIEFNE L

RD-AHI & CD-AHI O JFeBER2S K X U,

TEBERD 30% KT DI ERBERE (29
#il) & 30%LL EOTEBERE (25 #) 2
STTTHET D & FRICAEEEITR
D HIRD> T3 BMI IXFETRBERE S
28.6x4.2kg/m’, TEBEREDS 24.8+4. 1kg/m’
. TRBERE D J7 AN O TR DS T
H-oT- (P<0.005), CD T SBD &¥
EIN2noTz 8 FlH 5 4], CPAP &
TEDWE RS B A LT 9 il S filid BMI
<25 DIERE[E Th o1z,

7o, TeHERE CIRFETRBEREIC LR T,
SDB O EJEFE & BE T 5 Al Arousal

43

Index, 4%O0ODI . Sp0,<90%II{&< .
¥ SpO,. wAK SpO, &> 72,

D. %

B 54 FEGIZXFEIT, REIRARFIER
(%55 (SDB) D2 Wiz W78 C b 5 KA I
RARY 75 74— (PSG) HRAEDKR
PHROONDEFEOHEEZ., 2 D
D R 7 DIENTFEYUE Research Definition

(RD) & Clinical Definition (CD) T
ToltbZl A, MEETKDLND
SDB DEEIT, A E LB



LT, TeBER 30% L0 _FIT 72 B AEH
(TeBERE) X 25 #1 (46.2%) FIE L T=,
Z OFER. RD TiXSDB (AHI=5) &
HESINRRS, CD Tk TEFEL )
EHIESNDREFIN8HI(15%) H D .
RD Ti& CPAP VA DRBRIENS & HIE
b 314996 (29%) 25, CD T
RGBS ORI ESND Z &I
277,

TEBERE & JETRBERE & b5 & | BMI

BIZ{&<.CD TSBD LHIEXN
727x o7 8 fFilH 5 5, CPAP EIEDIR
BRIE 2> B AL T2 9 Bl 5 B I FEAE
FThoTe, (KR OHEFHIEDEN
2L D SDB DORZ2Kr - 1R 25
TL A eetElL. FEERMER
bivbiid, ¥risRNT PSG KR&x
17 C. RD T SDB &HIE L7z 3,659
FIOW 1,556 Bl (42.5%) I1XIEIETEH
Thh ., A TIHIERERE TS SDB
ZE2ETDHEMMP DRV & 2R
& L 7= (Ohdaira F, Nakamura K,
Nakayama H, Satoh M,

Demographic characteristics

823 B
?5’/

et al
of 3659
Japanese patients with obstructive sleep
apnea-hypopnea syndrome diagnosed by
full polysomnography: associations with
index. and

apnea-hypopnea Sleep

Breathing 11: 93-101, 2007.),

E. f&ia
JEEOFREE SRV E . CD #ANT

=L B,
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AHI ZHH L7235& SDB & & LT
RSN D . CPAP FRIEDIRIATE
IS HANT Y T D EEF N DR T2
WEWIARMEDOHKFELSGDLETE
29 5L, AMTiIE, RD ZHNWTIE
FENR % 7E L, SDB DZWT - 1RHEIC Y
TBRETHA LIERTD

F. fERfabRiE &
By~ liil

G. HIREHER

Ohdaira F, K.Nakamura, H.Nakayama,
M.Satoh, T.Ohdaira, M.Nakamata,
M.Kohno, A.Iwashima, A.Onda;

Y .Kobayashi, K.Hujimori, S.Kiguchi,
S.Izumi, T.Kobayashi, H.Shinoda,
S.Takahashi, F.Gejyo, M.Yamamoto.
Demographic characteristics of 3659
Japanese patients with obstructive sleep
apnea-hypopnea syndrome diagnosed by
full polysomnography: associations with
apnea-hypopnea index. Sleep and
Breathing 11: 93-101, 2007.

Koshino Y, Satoh M, Katayose Y,
Yasuda K, Tanigawa T, Takeyasu N,
Watanabe S, Yamaguchi I, Aonuma K.
Association of sleep-disordered breathing
and ventricular arrhythmias in patients
without heart failure. Am J Cardiol

101:2008 (in press)
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F /- REERE 5 R BE U A MLAE DTERIZ .
"REMENHEE I T,
A. BFEE R

BT E OMEIRFFRBEE & LTk, BE
AR WF M IF 0% S {5 B¥  (sleep apnea

syndrome ; SAS) ZhN%x . AERE#HK
fE f& ® ( obesity hypoventilation

syndrome ; OHS) MZFifF 6 b, i
HlE, HEERFSE RN R AEDHFET
KENZEREZ B A, OHS DIFFE -
Bee CIXB ST o Ty, &
T, B EFLE LIEAZRY v
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M 727 — 2130w, SEIIEHZ 2
T AHEEREMRMFEEEERE TO
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Uy v Ra—nboOpEMERTE
fith - FRET L 7, _

B 2 29 % BAE MERR Mk 5 AR
FED S S, HEERE KB X UES B
EGIORMAERTRDZ L EAFRY
v 7 Ra—h e OREMEDA K
ERRBHZEERBEME LT,

B. BFRHIE

2005 4E 10 H ~2006 49 A @ 1 /]
(Z M BERER & o # — (2T SAS (EERREIK
(IERFEEL - AHI =5 [E)/h) LRl &

Nn-ER 876 EFHD S L (1) KB
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TREGEE Y 7T v 7 Uiz, FORM
<
FER A2 TR AR BE AR O AR EERF 28
WEE LV
1) ®EDER (BMI=30kg/m?)
2) BEO® A PHIR
3) BHEOFKREES AMIE (PaCO,
=45Torr)
P A P 0 B 55 D 12 B S EE
Uk
(AHI=30 [El/hr, &K Sp0,=75%.
Sp0,<90% DEFMEAS 45 pLA L iz

4)

TEEREER O 10%LL L. Spo,<
80% DEFfA 10 LAk, 2% BR
ICRERNCHIBTT2) BLE, <TH
=3 56w IEmRBRSEERE L,

I HIZZ b A REEER PaCO, fET
(DSAS B (PaCO, <45Torr) (@OHS
Bt (PaCO, =45Torr) O ZEEIZHEEL
MM OE REF DB ERET LTz,

db &L
=P2N

C. st R

FERZX 1 I1ZRT, SAS B 72 JEHF,
OHS B 25 JEBI TH - 7=,

SASZHEi (AHI = 5[H/m)
(20055E10H ~2006F9H )

876(5

HE# (BMI = 30kg/n®)
124{5 (14.2%)

FEARRS (BMI < 30kg/o?)

J |

|

FFESAS (AHI = 30[g]/h)

-
SAS (AHI < 30[H]/h)

J

752 (85.8%)

97HER] (78.2%) 27HER (21.8%)
| L
|
‘\\
OHSEf SASEf

PaCO, Z 45Torr PaCO, < 45Torr

255E (25.8%) 72HEH (74.2%)
J

1. Zu—Fx—h
Hb =2 = =R

BEEERRFERL L 2ITRT, £
. MBI, BMI, ESSfE. MERED
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T HIRETHHEER PaO,. HEEEF  OHS EECHMEAENS & REEE M &V VE
PaCO, #BRE A EEII o 128, R I BT,

®1. BEERREF I

SAS #f OHS # p

N=72 N=25
El 44.6+11.2 45.6+12.3 0.731
B n (%) 67 (93) 24 (96) 0.960
BMI kg/m2 33.8+4.1 33.6+3.4 0.790
7 AL cm 109.3+10.4 110.7£11.6 0.567
[ HEEAINE mmHg 118.6+35.5 129.34+30.6 0.183
AR ME mmHg 71.5£22.1 76.6+18.9 0.313
ESS 11.0+5.1 10.8+5.0 0.880
#F2. BEEERNKNT2

SAS & OHS p

N=72 N=25
HRERE PaO?2 Torr 80.2+11.5 75.1+7.3 0.043
HHREHE PaCO2 Torr 41.0%29 46.6+2.5 <0.001
Mo L AT 0—/ v mg/dl 195.6+39.9  202.2+25.3 0.439
RPERERS mg/dl 174.0+783  214.2+133.6 0.073
HDL = L A5 &2 — /)L43.7+7.8 41.9%9.1 0.360
mg/dl
ZCREREIAE mg/dl 110.3+29.8 114.6+38.5 0.567
[HbAlc % 6.0+1.4 6.0+1.2 0.923
RERME mg/dl 5.7+3.0 6.7+3.4 0.173
CRP mg/dl 0.3+0.9 0.3%0.3 0.779
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2D PSGFTRZ XK 31T, &%
FA—H BRI CTHEEEZITI o

# 3. PSG AT R D8k

T2s, PAZETUME MR AR IR R FE 4523
OHS B TEVMEA A A b ALz,

SAS B OHS ## p
N=72 N=25
Total sleep time min 333.5+82.7 330.6+69.7 0.876
Total AHI /h 60.8+20.5 65.6126.1 0.353
obstructive 55.0%21.7 63.6+26.9 0.113
central 2.84+9.2 0.7*+1.8 0.282
mixed 3.0%7.1 1.3%+29 0.241
LLog SO2<90% /TST % 1.6%+0.3 1.7£0.3 0.200
Lowest SO2 % 69.51+9.2 68.817.8 0.764
Arousal Index /A 55.2+24.1 59.1%£25.1 0.491
Sleep Stage %
1 40.5*+16.7 452+ 18.7 0.245
2 44.8+13.2 39.4+15.1 0.094
slow wave sleep 5.4%+6.0 5.6%5.5 0.875
REM 9.1%x5.0 98*+44 0.591

AEZRY w7y Fa—bhDA0HE
FEIZ . SAS B£ T 48.6%. OHS BT 72%
ThYy, AEENRD -7, (P=0.043)

EHIZ, 8 FRERIMRFTZESDREYE

D IEH

O xR MR B 8cm, & 90cm

@ I :

2 140/90mmHg

@ HHEARRS © = 150mg/d] |
@ HDL = L A5 1 —/b : < 40mg/dl
® ZERERFIMAE : > 110mg/dl

DWW NNOEEB &l LB

AFRY vy 2arTe Li-Ea. SAS
BECT27£10, OHSET3.0+12 TH
BENRH -7 (P=0.039),

OHS MEMNZIEREHE LTA X
RY w7 2a7 b LLIEAZFRY v
g vy Ra—»5h () or (D& ML
Ll PRT 4y JEROTET
T, SEBIHTIZOWTIZER,
B, BMI, % EEEF PaO,, AHI, logSO,<
90% / TST THIIE L=, FORRER
417w,

48



B LI h

OR 95% CI P OR 95%Cl P
AERY v X
a7y

1.65 1.01-2.68 0.044 1.72 1.01-2.94 0.049
(AaT7n 1 k&7
(23
Mets ) Reference
'Mets (+) 2.72 1.01-7.30 0.047 3.00 1.04-8.65 0.043

B % 23 2 BEAE R K EEBE
D 5 B REEREE R A ME A PHE
BIOKE LT
1. HEEEE PaO, N A B IRV,
2. RS EVERDSH D,
3. Obstructive AHI 25L& D K&\
(LY EEDERR S 5,
4, AFRY v 7 2AaTRFEI
1N
5. AZRY w7 Fa—AhD
BHBPEEIZZ,
ULE XY REER S R EE A X MLES BF
FEFl & AZRY w7 Fr—AD
MO BRMEISR I T,
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Original Research

SLEEP MEDICINE

Obstructive Sleep Apnea Syndrome Is
Associated With Some Components of
Metabolic Syndrome*

Masakazu Kono, MD; Koichiro Tatsumi, MD, FCCP; Toshiji Saibara, MD;

Akira Nakamura, MD; Nobuhiro Tanabe, MD, FCCP;
Yuichi Takiguchi, MD, FCCP; and Takayuki Kuriyama, MD, FCCP

Background: Obesity, hypertension, dyslipidemia, and hyperglycemia are prevalent in obstructive sleep
apnea syndrome (OSAS). Metabolic syndrome, however, is defined by visceral fat obesity plus at least two
of these factors. However, whether OSAS contributes to the development of metabolic syndrome has not
been defined. We investigated whether the components of metabolic syndrome were associated with
OSAS in nonobese patients.

Methods: We investigated the occurrence of hypertension, dyslipidemia, and hyperglycemia in 42 men
with OSAS and 52 men without OSAS matched for age, body mass index (BMI), and visceral fat
accumulation.

Results: Although serum levels of triglycerides, high-density lipoprotein cholesterol, and diastolic BP did
not differ significantly between the two groups, fasting blood glucose (111 % 6 mg/dL vs 93 = 3 mg/dL)
[mean + SE] and the percentage of hypertensive patients (45% vs 15%) were significantly higher in the
group with OSAS. In addition, a significantly higher percentage of patients with OSAS (19% vs 4%) had at
least two of the following: hypertension, hyperglycemia, and dyslipidemia. Logistic regression analysis
showed that the apnea-hypopnea index value was the predictor of number of metabolic syndrome
parameters such as hypertension, hyperglycemia, and dyslipidemia, while BMI and lowest arterial oxygen
saturation during sleep did not.

Conclusion: Independent of visceral fat obesity, OSAS was associated with hypertension, dyslipidemia, and
hyperglycemia. It is possible that OSAS may predispose even nonobese patients to the development of
metabolic syndrome. (CHEST 2007; 131:1387-1392)

Key words: atherosdlerosis; hypertension; hypoxia; insulin resistance; sleep apnea
Abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; FPG = fasting plasma glucose; HDL-C = high-density

lipoprotein cholesterol, HOMA-R = homeostasis model assessment method; € ISAS = obstructive sYeep apnea WndlomP
$a0, = arterial oxygen saturation; SFA = subcutaneous fat accumulation; TC = total cholesterol; VFA = visceral fat accumulation

Thc group of patients with multiple risk factors for genesis of metabolic syndrome, insulin resistance
cardiovascular diseases related to arteriosclerotic and visceral obesity seem to be key factors.'-> The
plaques has been highlighted. This group includes criteria defining metabolic syndrome include visceral
those with metabolic syndrome, which has been obesity because studies*? have revealed that visceral

detined by multiple Orgarnm’aons."'3 In the patho-
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fat produces a great amount of cytokines and hor-
mones such as tumor necrosis factor-a, interleu-
kin-6, and leptin, which may be associated with the
development of atherosclerosis. Insulin resistance is
thought to play a part in the pathogenesis of meta-
l)ohc syndrome, although the precise relationship
hetween insulin resistance and visceral obesity has
not been defined.®

Obstructive sleep apnea syndrome (OSAS) is a
prevalent disorder particularly among middle-aged,
obese men. Several features of OSAS suggest that
sleep apnea is a manifestation of metabolic syn-

drome.™ Indeed, there is a strong association of

OSAS with obesity, male gender, hypertension,'0-!!
and diabetes,>!2 which are also found in patients
with metabolic syndrome. Visceral fat accumulation
(VFA) correlates with the severity of OSAS'? and is
a key factor for the development of metaholic syn-
drome.!-3

Although obesity, hypertension, and diabetes are
h(—*qlu,ntlv present in patients with OSAS, whether

OSAS directly contributes to the development of

metabolic s>ndlome has not been defined. OSAS
may be associated with a number of cardiovascular
risk factors such as hypertension,'*!! insulin resis-
tance,%'? and dyslipidemia'*'> independent of obe-
sity. The purpose of this study was to investigate
whether some components (hvpelt(,nslon hypergly-
cemia, and dyslipidemia) of metabolic syndrome
were present in nonobese patients with OSAS. Only
men were enrolled into the study because of avoid-
ing the confounding effects of g_’ender and insuffi-
cient number of women (approximately one eighth
of men) for statistical analysis.

MATERIALS AND METHODS

Subjects

From April 2002 to March 2006, 1,205 consecutive male
patients with clinical syimptoms of sleep apnea were examined by
polysomnography and classified into two groups by their apnea-
hypopnea index (AHI) [AHI = 5/h, n = 1,153; AHI <5/,
n = 52]. Presenting symptoms were cither snoring or du)ftimc
sleepiness or both. The subjects were all Japanese.

The diagnostic criteria for metabolic syndrome in Japan'¢
include a VFA = 100 em?. First, we selected patients with a body
mass index (BMI) =< 30 kg/m2 for both groups. When matching
patients with and without OSAS for BMI, VFA tends to be higher
in those with OSAS. Therefore, we selected patients with OSAS
whose VFA was < 90 ecm? and patients without OSAS whose VFA
was < 100 em® In the end, we selected 42 patients with OSAS
and 52 without OSAS, matched for age, BMI. and VFA.

None of the patients had heart failure or other respiratory
problems such as COPD at the time of polysomnography. They
were asked to complete a (uestionnaire on sleep symptows,
medical history, and medications. OSAS was established on the
hasis of clinical and polysomnography criteria. AHI was calcu-

1388

lated as the sum of sleep-disordered breathing. In addition to
clinical syinptoms, an AHI > 5/h was also us(-(l as a selection
criterion of OSAS.

Pulmonary function tests were performed to determine FVC
and FEV, using a standard spivometer (Fudac-60; Fukuda
Denshi: T()k\() Japan). Patients with obstructive airway disease
(FEV /FVC < 70%) were excluded. Arterial blood for the anal-
ysis of gases during room air breathing was drawn with the
patient in the supine position. and Pao7 and Paco, were
measured in a blood gas analyzer (Model ABL3000; Radiometer;
Tokyo. Japan). The stud\ pmtou)l was approved by the Rvs(uudl
Ethics Committee of Chiba University School of MLdlune and
all patients gave their informed consent prior to the study.

Polysomnography

Polysomnaography (P Series Sleep Systeny; Compnmedics; Mel-
bourne, Australia) was performed ove nnum between 9:00 pa and
6:00 am. Polysornography consisted o{ continuous polygraphic
recording from surface leads for EEG. electrooculograply, elec-
hom\ogmph\ ECC, thennistors for nasal and oral airflow,
thoracic and abdominal impedance belts for respiratory effort,
pulse oximetry for oxyhemoglobin level, and tracheal microphone
for snoring and sensor to assess changing of the position during
sleep. Polysommography records were shl(red manually according
to standard criteria. 15 The seve rity of OSAS was determined b\
the AHL and mean and lowest arterial oxygen saturation (Sa0,)
during sleep.

On the morning alter the sleep study, BP was measured twice
on waking up between 7:00 aM and 8:00 am with the subjects in
the seated position after a 5-min rest. Venous blood wus obtained
in the fasting state at 7:00 am after polysomnography to measure
triglycerides, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), fasting plasimia g,lnum (FPG), and [asting
insulin, Insulin resistance was estimated using the homeostasis
model assessment method (HOMA-R) and (.dlculdtvd with the
{ollowing formula: fasting serum insulin (WU/mL) X FPG (mg/
dL)/405.

Radiologic Assessment

VFA and subcutaneous fat accamulation (SFA) were assesse
by CT (TSX-101A/4E; Toshiba; Tokyo, Japan) and (.mnmmcmlly
available software (Fat Scan; N2 System: Ashiva, Japan) for
personal compnter. The areas of SFA and VFA were measured in
a single cross-sectional scan at the level of the winbilicus. A CT
range of — 150 to — 50 Hounsfield units was used to encompass all
fat. VFA was meastured by drawing u line within the muscular wall
surrounding the abdominal cavity. The area after subtraction of
the VFA from the total fat area was defined as SFA'? and the
visceral/subcutaneons fat ratio was calenlated (Fig 1).

Definition of the Metabolic Abnormalities

The definition of metabolic abnormalities was based on the
published criteria of metabolic syndrome for the Japanese pop-
ulation.!® Dyslipidemia was defined as sernm triglycerides = 150
mg/dL and/or HDL-C =40 mg/dL; hypertension as either
systalic BP = 130 mm Hg and/or diastolic BP = 85 mm Hg; and
hyperglycemia as FPG = 110 mg/dL. Patients with a previous
diagnosis of dyslipidemia, hypertension, or diabetes mellitus, and
were receiving drugs for any of these conditions were also
included in this category.

Statistical Analysis

Results are expressed as mean = ST, All clinical parameters
are swnmarized by descriptive statistics. Continuous ¢linical
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FIGURE 1. CT scan at the level of the mnbilicus. First, the total
fat area was calculated. Second, the intraperitoneal spuce (VFA)
was defined by tracing its contour on t]]m scan image. Third,
subtruction of the VFA area from the total th area was defined as
the SF»\ In this patient, VFA was 61.7 em? and SFA was 32.9
cm®

parameters in patients with and without OSAS were compare d
using Mann-Whitney test, and cate gorical parameters using x°
test. Logistic regression analysis was applied to predict the
nuniber of metabolic wn(lmnu parameters such as hypertension,
hyperglycemia, and dysllpldcmm using the values of AHI lowest

Sa0, during sleep, and BM1T as potential predictors: p < 0.05 was
considered statistically significant.

REsuLTS

Table 1 summarizes the characteristics of the
subjects. Two patients each in both groups were
receiving (mtlhypcrt(‘mlv (hngjs Three patients in
the OSAS group and two patients in the non-OSAS
group had diabetes; of them, two patients in the
OSAS group and one patient in the non-OSAS group

o X E
were receiving an oral hypoglycemic agent, while the
o L
others were receiving diet therapy.

Systolic BP was higher in the OSAS group, while
diastolic BP did not differ between the two groups.
However, the percentage of hypertensive patients
was significantly higher in the OSAS group (45% vs
15%:; p < 0.01) [Table 2].

No significant differences were observed between
the two groups regarding serum levels of triglycer-
ides, TC, or HDL-C. However, the percentage of
patients  with dyslipidemia (serum triglycerides
=150 mg/dL. and/or HDL-C =40 mg/dL) was
significantly higher in the OSAS group (48% vs 25%;
p < 0.05) [Table 2].

FPG was higher in the OSAS group, and the
percentage of subjects with hyperglycemia (FPG
= 110 mg/dL) was also significantly higher in the
OSAS group (33% vs 10%; p <0.01) [Table 2].
The calculated HOMA-R was significantly higher in
the OSAS group as well (p < 0.05) [Table 2].

Nineteen percent ol patients in the OSAS group,
compared with only 4% in the non-OSAS group, had
at least two of the f()llowmg, hypertension, hypergly-
cemia, and dyslipidemia (Table 2). Logistic regres-
sion analysis showed that AHI value was the predic-
tor (p=0.0001) of the number of metabolic
syndrome parameters such as hypertension, hyper-
glycemia and dyslipidemia, while BMI (p = 0.10)
and lowest Sao, during sleep (p = 0.85) did not.

DISCUSSION

This cross-sectional analysis involved a selected
group of male patients with and without OSAS
matched for age, BMI, and VFA. Since they were
matched for abdominal obesity, we comparod them
for the other components of metabolic syndrome.
The main finding of this study was that 19% of the
men with OSAS compared with only 4% of those
without it, had at least two of the following: hyper-

Table 1—Characteristics of Patients With and Without OSAS*

Chuaracteristics OSAS (n = 42) Non-OSAS (n = 52) p Value
Male/female gender 42/0 52/0 NS
Age, yr 51.8 + 24 465 £ 2.2 NS
BMI, ke/m® 227%06 23.9 = 0.4 NS
VFA. cm? 62.0 £ 3.2 554 + 3.8 NS
SFA, em? 82470 928 + 88 NS
Visceral/subcutaneous fat ratio 0.89 = 0.05 0.76 = 0.05 < 0.05
AHIL, /h 322+ 3.1 2402 < 0.01
Average Su0g, % 94.4 £ 0.4 963 0.2 < 0.01
Lowest Sa0,, % 819 x 1.3 8§74 £07 < (1.0l
Vital capacity, % of predicted 1079 £ 3.3 104327 NS
FEV,. % of predicted $3.1 % 1.4 852 =% 1.2 NS
Pa0,, mum Hg $8.2 £ 1.5 886+ 1.7 NS
Paco,. mm Hg 43.0 £ 0.6 429 * 05 NS

*Data are presented as mean + SE. NS = not significant.
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