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The Changes of Pulmonary Function and Systemic Blood Pressure in
Patients with Obstructive Sleep Apnea Syndrome
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Chi Hong Kim, M.D., Soon Seog Kwon, M.D., Young Kyoon Kim, M.D.,
Kwan Hyoung Kim, M.D., Jeong Sup Song, M.D. and Sung Hak Park, M.D.

Department of Internal Medicine, Catholic University Medical College, Seoul, Korea

Background: In patients with obstructive sleep apnea syndrome{OSAS),there are several factors
increasing upper airway resistance and there is a predisposition to compromised respiratory function
during waking and sleep related to constitutional factors including a tendency to obesity. Several
recent studies have suggested a possible relationship between sleep apnea(SA) and systemic
hypertension.

But the possible pathophysiologic link between SA and hypertension is still unclear. In this
study, we have examined the relationship among age, body mass index{BMI), pulmonary function
parameters and polysomnographic data in patients with OSAS. And also we tried to know the
difference among these parameters between hypertensive OSAS and normotensive OSAS patients.

Methods: Patients underwent a full night of polysomnography and measured pulmonary function
during waking. OSAS was diagnosed if patients had more than 5 apneas per hour(apnea index, Al).
A careful history of previously known or present hypertension was obtained from each patient, and
patients with systolic blood pressure > 160mmHg andjor diastolic blood pressure > 95mmHg
were classified as hypertensives.

Results: The nocturnal nadir of arterial oxygen saturation(Sa0: nadir) was negatively related to
Al and respiratory disturbance index(RDI), and the degree of nocturnal oxygen desaturation(DOD)
was positively related to Al and RDI. BMI contributed to Al, RDI, SaQ; nadir and DOD values.

And also BMI contributed to FEV,, FEV|/FVC and DLco values. There was a correlation
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between airway resistance(Raw) and Al, and there was a inverse correlation between DLco and

DOD. But there was no difference among these parameters between hypertensive OSAS and

normotensive OSAS patients.

Conclusion: The obesity contributed to the compromised respiratory function and the severity of

OSAS. Al and RDI were important factors in the severity of hypoxia during sleep. The measure-

ment of pulmonary function parameters including Raw and DLco may be helpful in the prediction

and assessment of OSAS patients. But we could not find clear difference between hypertensive and

normotensive OSAS patients.
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Table 1. Clinical Characteristics of Subjects

A1
o 2
Haly
H v EEKg/m)
=a EE
elelol} ol -Aabml i
F7re] e Fele
i
130
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uhAd sl Ad ) A 51
7)€k

FEV,, liters (% Pred)
FVC, liters (% Pred)
FEV/FVC, %

PEFR, Lfsec (% Pred)
TLC, liters (% Pred)
"RV, liters (% Pred)
FRC, liters (% Pred)

DLco, ml/min/mmHg (% Pred)
Raw,cmH20/L/sec (% Pred)

FEEAFAD
4o AR

F A A AE 3% (Sa0- nadir, %)
A4 E A T (DOD, %)

vo]=24:8

46.1+10.8

26.24+4.01

32/32 (100%)

31/32 (96.9%)

28/32 (87.5%)

2/32 ( 6.3%)

12/32 (37.5%)

432 (12.5%)

2/32 ( 6.3%)

732 (21.9%)
3.09+0.54 ( 93.5+16.9)
3.984+0.69 ( 90.0+12.8)
86.6+14.4

6.70+191 ( 83.5+22.1)
5.784+0.87 ( 97.01+10.5)
1.8140.51 ( 97.2:+25.6)
3.00+0.67 ( 91.8+15.6)
23.7+3.94 ( 95.8+18.6)
1.67+0.69 (117.6+45.5)
28.8+21.3

3394249

76.7+£9.23

20849.18

* Values are meantSD.

Fholl AARE dllls A VAt FEEA
e FOIg AaAl=0.373, p<0.05)7} glglem,
R e e e e o s e B2 B S
BA)r=-0.332, p<0.05)Z HIrkFig. 3, Table 2). 1]

E

5ok d7)5 AR TRl oA dFollA) nne
122} =8 BTIRHFEV)), 127 84 57 eke)
Aol th MRLR(FEV V), o) ek

s AololR 712} ARUAY URoLk vk
o dl7ls HARA Aolollz folg dukabrt gl
UTHFig. 4, Table 2).

b r
= i
o
>

o Bl Ha 2 xR o
g, HiZts, HY|sEARA ¥ OOA

==

AL 2t RIESZIe) AREH

w
¥ K

s} Aol dstol AAR) Aol vlsto)

AEREAES STt AA) 7} AFE Aolol
Aoz §o)5t HolF 2 4 gIleKTable 3).
o &

g eletel whedst vl go] it i Sgellel]
gk od-77t ol o] fo] AaL glvk. v FEEF
< R ielEe] HA o)At
o] thE H3rh= wte] s 5% Heel
ol iAozl ollA] Rt
o, Shfloll i 2]l ulslo] i FEFZHT
g A7) B3 Agelgl ot e fHilol
A goka] o] Fofoll thek i=to] Mkl e},

I

£ 3

B!

i
I
bz
ok Lt
R
o}'\I
P

o S ok 8




Al{n/hr) RDI(n/hr) Sa0: nadir(%) DOD(%)
10 120 12 60
o Al (r=0.289, p<0.05) ¢ 520 nadir(r=-0.427, p<0.05) 50
8o O RDI(r=0.382, p<0.05) 0 . 100 100 0 DOD(r=0.444, p<0.01)
LN

B0

60

0
16 18 20 22 24 26 28 30 32 34 36

0
16 18 20 22 24 26 28 30 32 34 36

BMi(kg/m’
BMi(kg/m) (kg/m)
BM! : body mass index
Al: apnea index RDI : respiratory disturbance index
DOD : degree of oxygen desaturation Sa0z2 nadir : oxygen saturation nadir
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Fig. 1. Correlation between body mass index and polysomnographic data.

Table 2. Correlations of Age, BMI, Pulmonary Function Parameters and Polysomnographic Data

BMl(kg/m®) Al(n/hr) RDIwhr)  SaO: nadir(%)  DOD(%)

age 0411 0.062 0.056 -0.025 -0.012
BMI(kg/m®) ) 0.389% 0.382* 0.427%* 0.444**
FEV), liters(% Pred) 0.574%* -0.245 0.024 0.150 -0.217
FVC, liters(% Pred) -0.329 -0.108 -0.080 0.172 -0.140
FEV//FVC, % -0.397* -0.105 -0.130 0.056 -0.143
FEFR, Ljsec(% Pred) 0.104 0.159 0.168 0.060 0.040
TLC, liters(% Pred) -0.180 0.110 0.138 -0.146 0.130
RV, liters(% Pred) 0.182 0.158 0.177 -0.348 0.290
FRC, liters(% Pred) -0.107 -0.109 -0.094 -0.194 0.171
DLco, ml/min/mmHg(% Pred) -0.376* -0.194 -0.231 0.250 -0.332%
Raw, cmH.O/Lfsec(% Pred) 0.298 0.373* 0.175 0011 0.294
Al(n/hr) 0.389* . 0.991" -0.697" 0.693"
RDI(n/hr) 0.382* 0.991" ) 06607 0.620"
$a0, nadir(%) -0.427% -0.6977 -0.660" . 0.967"
DOD(%) 0.444%** 0.693" 0.620" 0.967"

BMI: body mass index * p(0.05

Al apnea index ** p (0.01

RDI: respiratory disturbance index 1 p(0.001

Sa0; nadir: oxygen saturation nadir
DOD: degree of oxygen desaturation
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Fig. 2. Correlations of apnea index,respiratory disturbance index,oxygen saturation nadir and degree of

oxygen desaturation.

Table 3. Comparison of Subjects According to Systemic Blood Pressures

Hypertensives Normotensives p Value

Age 525+7.42" 4234108 p=0.05
BMi(kg/m’) 259+4.40 26.4+£3.88 NS
FEV,, liters(% Pred) 3.00£0.58 ( 99.5+16.3) 326+0.46 ( 88.41£15.9) NS
FVC, liters(% Pred) 3854086 ( 9424137 4104049 ( 87.9+117) NS
FEV\/FVC, % 87.1+13.2 86.2+16.1 NS
PEFR, Ljsec(% Pred) 6454209 ( 854+21.6) 691 +1.83 ( 81.9%23.3) NS
TLC, liters(% Pred) 5.75£1.17 (101.1+10.7) 5.80£0.55 ( 93.5%9.39) NS
RV, liters(% Pred) 1.934+0.55 ( 98.8+22.9) 1.71+047 ( 95.8::28.6) NS
FRC, liters(% Pred) 3.00£0.73 ( 93.0+12.6) 2.994+0.63 ( 90.6118.5) NS
DLco, mifmin/mmHg(% Pred)  22.9+5.01 (100.5+24.2) 2424309 ( 92.4+13.3) NS
Raw, cmH20(L{sec(% Pred) L73037 (1LL.8£2L.0) 1.63+0.87 (121.7£57.6) NS
Al(n/hr) 36.1124.6 24.2+18.1 NS
RDI(n/hr) 38514269 31.24240 NS
Sa0, nadir(%) 74.8 £8.05 77.8+9.90 NS
DOD(%) 23.1£6.57 19.5+104 NS
* Values are mean+8D  + p<0.05 compared with normotensives
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Fig. 3. Correlation between airway resistance and apnea index(A), between carbon monoxide diffusion
capacity and degree of oxygen desaturation(B).
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Fig. 4. Correlation between body mass index and pulmonary function
parameters.
Q17-2] 9%, F3d oARIF-] 4%ollH B 4= glon, = AApEo] dhdsiAell EFA A= A
VATl oF 40%o0ll4] AT A S RAE FEFZFT 0] FTAWLE 46111084 A3,
FFTo] gl ARshe Ao doA Qe olEF WAt 24%(75%) 28 FAGAT} B ol

— 212 —



AL, & A2l Al o) AR5 el
seldell] F34 U FEEFIFOL Aekshs
A% ool Balsiglons QA ek
o) B A e A ARl

j 1
oF 4 ik FHARAAAE HAIRE Aa} ol
15

FFFH00%), F91% eRQloll o)) whAsl FEI(97
%), F7H At Felgolt vl 5 27H88%), &
RAH6%) 5] ol AlaL THEen) 9
o] AR plgelzelyel AgE wAE A9}
h-Eolsiek

B]Hobesity)& Hldid T HFIFEEIS Yo
= 7P a8t aslelw, o} dhdeld AldukA] &
el MbIe s ZU7)E S8 Slole] shis
deld Qeal™", upstse) i v
+4.01% diF-E vuts 29 ofsle] HE= 1A
H-E2] glollA] Bk 30~409) 5% ulukg: |
R 9fTe] Buoh= el vk 40 o)) E=
nlgto] Faksl Al 2 £ ¢lolel?. e Azks
o] IR vluksE F33AG, T lRS 5
HE S A AAE3E g LT RE 4
HeRIZAA AEED 43 B34S vebie g v
ko] ol 3ixle] dzdnlol ke vd 4§ 98-S
Hopglt

ofu] ofe] qiZxtol] ofsl] ws]7] nielzto] wlsiA
TH FIFSFTE A A7) S5 FolAA sk
ASHE FE3 < Qi ofe]7EA) ek e ol ot
A L 715 297, 32w 30 okl o3t of
&, A 2915l ofs) uhagict welA o] 3
Aol A A7) 7lEAgle] Aol Hlsle] g
7FsAol glom Es] el dAs] dsdAen
AT, g 015 $halollA] iR EulE]y] 4%
gk Al 3h7)dolle] flole] & 4= Qlom ™,

=)

TEEL 37](expiration) 7} Bk Alelol| 4] vl = 0 2
AR} sishslol A7l FEF A1) A A2
32 716 #ll A7) EEHFRC), A2k 9l FE g

<] 7H(apnea duration)ol] wpe} L ogkS 1
Aog AAAF”, Ay 4 FeEs
A 71 A e ) A7 e HES

A 1l

o
7] QWA A AR e

N
fo
oo
N

,_
tije

X2
je

i1

e

o

AT

i
\%
s

i

o

o Jo Lot

®
et =

N

2

P
%2

59

3= Aol Al o)2 2 sol gk, meh ) AAfe] gl
Rlshe Eakse] A% 5o] FfEs

¢ Ams A e & sk Jddde] A
Aol A= A gsler] ofedgol W) whebd HAEE
oz F7ke] ZMelA A AAlsle] ol
ST AA At} Blaslad ok #)7ls AA
&3 ekl ziAe] 7F A EE7 ] dakatAlE: WA
g Az} T\sAgde] T5E FIFATL TEE
Atk ARl 7] eAgke] At o] 4ol 4
of A whAls| o g olE ShajollA] ZA%t 7\ A
I e o N it B il o A KR

o}, wheba] A v FEESET RS2 7k
ZH3 Aol A . ARl ulsted 71218} £3] 4

o] 7EAglo] thi B 7gkE Holw 7|k glo] &
S5 FEgo) ubHsAl vebds o 5 qlglek A4}
o] A gellA F3EATe} IEA AT 242
Al e ] AASESHRE9) froldh A
A AbaebEst A rohs GOl AakAlE Hele g
A, FHAl FE o AEEe vyt a5 A4
AZo] AshAl viERdE o o Ak ol FEFe
ey} =82 YH E A7) apneic period)7} Hi}ar
s F2go] AAks] A7HEKpostapneic period) 2]
SFo] AAASE Ao 3 HA|A] Fodt el A
ok o] A1#kE)7) wlitoiz sj4slck Shepard™
= Tl o3k Fd Aok iy YER
2)4:2| ZHapnea duration) T} 72541719 A8 5 7]
53 A7 $EHFRC)2] #7loll whe} & Xel7} QLo
H|ThE- 715A A7]go) e 7 Fe3d g
oz} sl9ict. M52 AL5ollA] winkE et FEV), FEVY/
FVC, DLeoAteloll ed4siiAl7E Qlolevt, FRCE £
gt ok H7ls HALZA) nike Aololle Foig
Asae g A3 5 9lgik Ray™ 9} Zerah 578
#7159 Hsh= wite) wle} & Xjel7} lom FF
njaks ol $hjollr]e 20~30%9) wl7lsitas
Bk} 7% winke] 739l w7159 w3t A4
vieldg 21A8k vl Qlek AAEe] A dl7)se
walrl Az gha) At vislbte) v AdE

X

U

ox

{‘ i~
n=)
Z
e
r

— 213 —



ool BiukEs) A7) bite® Azbsich e
DLco®] wishe}l FmF AP Aololl Q4
AP} 8o W0 FZA ol 3hajollA] vl At =
7lsel WiskE FoFA)7|e) AT tE 7ol od3ks
oA 4 &g AAslAck kA o LEESET
shake) Ak} X 8A) d7)se) e ot FAll
ool zof Aoz YztE|irk

T FEFSETE dle ¥ A4 n¥s)
AR A7 A7 g = 9 AYa)
PA2L TS F Qe Ao A Qo™
FEFAGTTE & GANA o] Tazste AL ol
g g ol o3t gt o] g e A7
QP Bl e REEEST S AS
Bl w2l 20~70%2) Aol nHE FHE
o Wiz 18sk 343}9] 30~40%ellA] T T
FTFo] whAsle Ao veht Qb 4 L3y
Z5gol a8t whAel] wixlE welgelehd A4
of] el SApEA] edst Aol gle AAolt of
2I7HA 29150 sr&igh Wil fo] & e +
25|31 ek AFAES] Kol sk $h7ke] d'?,
BP, S g AAEI) ARG
g ASAAA EEel WRul7Ise] Wk o] gt
5 22 Egog Argale] AFaAe] wskE vl
oA argsle] Al e ez ook AxRE
2 Halg U FEFSET SAES aEgdel 3t
¥l 3hbEa) dste] Al skrbEzRe] Al niuks,
FEFAT, T3AAT i
st gl AdagEshd e, el AR AlvlE AR
A5S vla PG 24 o F AX ol ofufdt Ho)
Aol QhieA] oo} Bz sigich. n¥gke ket 8t
Aho] Hgto] ARl ghxlol] ulslo] HelHo] =
& Ag Afslars vhe 5713 Xoldg B
sigick. e AREe wEst gake) TR 59
ukEslo] S48 dskat kel WEell &l
witol] ekl Aelol] vha: FAdo] glrkar yzet
th e 2447 WekEA, FUctAA, AE47A
Al g9l WEa7soll gk H7He SAloll AR
o722 e Fafat mgshel daioll Ut AFE
AslaLA} gk

AEMoR Ay i FEEFSIET IRl vl
ThE 43Tl e 1R o e T8 9UET
o} shiolw, sivtZAe] FEFA T}t SFAH
AFE o AT AuE Wdshs 2 A%
gk A3zt iek ol & FAlellA AZIE AT 7154
ol FHL AR RS VARSI A
Z dedgteo A A71=e] o} freh A Y
IES G v E2H ez ol 5 9
SRoR A=l w3 B B HE
& FHE AL EI Eote] ARGE HojG oy
FEEAIRE vl sl7lse] Wslells 3
T UES ¢ F U o, RS ool 3
Z ulbolgl on} nijukEs} FEV,, FEV\/FVC, DLcoA
Joll Zt7t st} oiek. weba Al e
FoT gAe] Ak x84 H7lsel Frt
bha gzsEiglel. dhddies B2 Al
sfo] Bk ert mEsksAt Aol B
7Aool kst Xolde #AY 5 glglome
W gelslod o Zopol] gt A7-E AlE9

3

p i )

4

b

R TR
o to
o g

22
L‘&

g

4]
2

oA Al 4
Age 7 -
A BAE 7
Rbsl= vk} 322 A% il
3% 7S 5 L, olEldt wlzlse] Mok v
IFA VR AeF Bl S Ed el %
& uld g Aew =gk s @AA B
eI e el dislod B Egdo] glovt
FIFZFTE B ol ke Sk
2 4#A gick v AAES Sl e FEE
TFT rElA 71X 23 H7ls AL
A3 A 24 AE 4] A3 o R 5 3
Hslar, ol 5% wHhe Sk Sle AT 9%
o] A9 A EolA AR, winkE, FHIzAe
7t A, #H)7Fs JAAL Aolel] ofwlgt Zole] 9l
A As Bzt sigiet

5‘%?"—'»
o&zrlrri
O.?_',F{‘:},
ggriﬁ‘ﬁ
s
4 =
o&:%ﬁzg
fr]o-r-‘%_{o},
7v1_.2.-{xzr‘-$.:
rmrfg.sgbw
_‘i*-"ofnm
ofr rler o rlo
A= AN

oft of

vt
&

— 214 —



gl ol melvlold sl A Ak
cRUAARE AAlsle] FEFATIE Solel sl 4
W FEHFIA s 32798 Ao ® slgdct divls
A= kel 24 4belloll4] body plethysmograph &
ol gslo] 7| Ag, Aisteks b, A
4, 71 A el Sk st o) 84
I &S FAEAL 78l 160mmHg o4
oA} oj@trldeto] 95mmHgel4 oz wsekel H
#o) Qlo] gl 1-8-29] 120%37 5%)% 18l
fgbto g sl olSaly o
1= _‘g‘;_jixlo}};(]"‘ FmE = uls] H] LTSI

AL, )5 AL

e
& AFsglom nBeRAT Yatol A4 B

g4

N

Aek:

D VR FEEAS SIS 0% S
At zoie gl AbezsPy el d¥paide
A9k

2) $UE e AANELREE FEFATR &

ol = Aelizlpel 2zt
el g *oL B3A} ‘R}Qit}

3) Fholl AARR slZls7ARE Vet FaE
A °94‘5¥ giaes %7417} Al o, BAsterA ehab
8 T agelgrset ot AdakaAE
Hlck

4) ¥]eree} FEV,, FEV(/FVC, DLco Abololly= 2}t
ATAAT} Uoiek

5) gekRre] Wstol el Bl Hlsio]
BFeise] Fokort uluke, FEEAGR TEANA
B NANETNE o) AEDEAAE, A7)
AALAZNE GO Hol7k gigieh

FE: ool Aol M-S A I
Spel W WY AV Q. FEEAel
IR PEF AEES AT deele
919 AT Fo0] A4 AT A
a8 FEFAGSL ABBAP} Qiglor g T|EAtel

3

(<]

s o (=]
20 Ay R FaFl Y THs S ol

M o o] 8 F glom, WASELE Sk
& S AReF Just WAL dglom o
el Ak A A Y2 Bt Aok
o s, e A R R

1) Lavie P: Nothing new under the moon. Historical
accounts of sleep apnea syndrome. Arch Intern
Med 144:2025, 1984

2) Anch AM, Browman CP, Mitler MM, Walsh JK:
Sleep. A scientific perspective. lst Ed., p6, New
Jersey, Prentice-Hall, 1988

3) Thorpy MJ: Chapter 31, Classification of sleep
and arousal disorders, Kryger MH, Roth T,
Dement WC, Principles and practice of sleep
medicine, lst Ed., p320, Philadelphia, W.B.
Saunders, 1989

4) 7k, R, S, s, WLE EEHL
A, ek vy sl sk T

2 SRl HEE 3P vidh
apekslakA] 38:230, 1990

5) ZXE, A, e A9, R, S84,

upAdel sl PR ST EkAoll4] Nasal

CPAPS XZavh 73 o 357143} 40:501,

1993

Zerah F, Half A, Perlemuter L, Lorino H, Lorino

%

< b

B2l 4 9] Polysomnography 5 o]-838F 4=
jaz =d

6

ot

A Atlan G: Effects of obesity on respiratory
resistance. Chest 103:1470, 1993

7} Gold AR, Schwartz AR, Wise RA, Smith PL:

-’

Pulmonary function and respiratory chemosensi-
tivity in moderately obese patients with sleep
apnea. Chest 103:1325, 1993

8) Calson JT, Hedner JA, Ejnell H, Peterson L:

High prevalence of hypertension in sleep apnea

— 215 —



9

~

10)

1

12)

13)

14)

15

~

16

=~

1 9))]

18)

patients independent of obesity. Am J Respir Crit
Care Med 150:72, 1994

Kiselak J, Clark M, Pera V, Rosenberg C,
Redline S: The association between hypertension
and sleep apnea in obese patients. Chest 104:775,
1993

Davies RJO, Vardi-Visy K, Clarke M, Stradling
JR: Identification of sleep disruption and sleep
disordered breathing from the systolic blood
pressure profile. Thorax 48:1242,1993

Partinen M, Telakivi T: Epidemiology of obs-
tructive sleep apnea syndrome. Sleep 15:S1, 1992
Young T, Palta M, Dempsey J, Skatrud J, Weber
S, Badr S: The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J
Med 328:1230, 1993

Ancoli-Israel S, Coy T: Are breathing disturban-
ces in elderly equivalent to sleep apnea syndro-
me? Sleep 17:77, 1994

Lavie P: Incidence of sleep apnea in a presuma-
bly healthy working population: A significant
relationship with excessive daytime sleepiness.
Sleep 6:312, 1983

Katz I, Stradling J, Slutsky AS, Zamel N, Hoff-
stein V: Do patients with obstructive sleep apnea
have thick necks? Am Rev Respir Dis 141:1228,
1990

Millman RP, Redline S, Carlisle CC, Assaf AR,
Levinson PD: Daytime hypertension in obstruc-
tive sleep apnea: Prevalence and contributing risk
factors, Chest 99:861, 1991

Smith PL, Gold AR, Meyers DA, Haponik EF,
Bleeker ER: Weight loss in mildly to moderately
obese patients with obstructive sleep apnea. Ann
Intern Med 103:850, 1985

Harman EM, Wynne JW, Block AJ: The effect
of weiht loss on sleep-disordered breathing and
oxygen desaturation on morbidly obese men.
Chest 82:291, 1982

19)

20

2h

22)

23

N

24)

25)

26)

27

—

28)

29)

30)

— 216 —

Levinson PD, McGarvey ST, Carlisle CC, Evelo-
ff SE, Herbert PN, Millman RP: Adiposity and
cardiovascular risk factors in men with obstruc-
tive sleep apnea. Chest 103:1336, 1993

Jequier E: Energy, obesity, and body weight
standards. Am J Clin Nutr 45:1035, 1987
Bradley TD, Brown IG, Grossman RF, Zamel N,
Martinez D, Phillipson EA, Hoffstein V: Pharyn-
geal size in snorers, nonsnorers and patients with
obstructive sleep apnea. N Engl J Med 315:1327,
1986

Brown IG, Bradley TD, Phillipson EA, Zamel N,
Hoffstein V: Pharyngeal compliance in snoring
subjects with and without obstructive sleep
apnea. Am Rev Respir Dis 132:211, 1985
Leiter JC, Knuth SL, Bartlett D: The effect of
sleep deprivation on activity of the genioglossus
muscle. Am Rev Respir Dis 132:1242, 1985
Borona M, Shields GI, Knuth SL, Bartlett D, St.
John WM: Selective depression by ethanol of
upper airway respiratory motor activity in cats.
Am Rev Respir Dis 130:156, 1984

Ray CS, Sue DY, Bray G, Hansen IE,
Wasserman K: Effects of obesity on respiratory
function. Am Rev Respir Dis 128:501, 1983
Luce JM: Respiratory complications of obesity.
Chest 78:626, 1980

Rochester DF, Enson Y: Current concepts in the
pathogenesis of the obesity-hypoventilation syn-
drome. Mechanical and circulatory factors, Am J
Med 57:402, 1974

Lopata M, Onal E: Mass loading, sleep apnea,
and the pathogenesis of obesity hypoventilation.
Am Rev Respir Dis 126:640, 1982

Shepard JW: Gas exchange and hemodynamics
during sleep. Med Clin North Am 69:1243, 1985
Bradley TD, Phillipson EA: Pathogenesis and
pathophysiology of the obstructive sleep apnea
syndrome. Med Clin North Am 69:1169, 1985



31)

32)

33)

35)

36)

37

Shepard JW, Garrison MW, Grither DA, Dolan
GF: Relationship of ventricular ectopy to oxyhe-
moglobin desaturation in patients with obstruc-
tive sleep apnea. Chest 88:335, 1985

Levinson PD, Millman RP: Causes and consequ-
ences of blood pressure alterations in obstructive
sleep apnea. Arch Intern Med 151:455, 1991
Partinen M, Jamieson A, Guilleminault C: Long-
term outcome for obstructive sleep apnea syndro-
me patients: Motality. Chest 94:1200, 1988

He J, Kryger MH, Zorick FJ, Conway W, Roth
T: Motality and apnea index in obstructive sleep
apnea: experience in 385 male patients. Chest
94:9, 1988

Hung J, Whitford EG, Parsons RW, Hillman DR:
Association of sleep apnoea with myocardial
infarction in men. Lancet 336:261, 1990
Partinen M, Guilleminault C: Daytime sleepiness
and vascular morbidity at seven-year follow-up
in obstructive sleep apnea patients. Chest 97:27,
1990

Hoffstein V, Chan CK, Slutsky AS: Sleep apnea

38

40

41

42

— 217 —

)

"

~

)

-’

and systemic hypertension: A causal association
review. Am J Med 91:190, 1991

Lavie P, Ben-Yosef R, Rubin AE: Prevalence of
sleep apnea syndrome among patients with
essential hypertension. Am Heart J 108:373,
1984

Williams AJ, Houston D, Finberg S, Lam C,
Kinney JL, Santiego S: Sleep apnea syndrome
and essential hypertension. Am ] Cardiol 55:
1019, 1985

Fletcher EC, DeBehnke RD, Lovoi MS, Gorin
AB: Undiagnosed sleep apnea in patients with
essential hypertension. Ann Intern Med 103:190,
1985

Kalse A, Bixler EQ, Cadieux RJ, Schneck DW,
Shaw LC, Locke TW, Vela-Bueno A, Soldatos
CR: Sleep apnea in a hypertensive population.
Lancet 2:1005, 1984

Carlson JT, Hedner J, Elam M, Ejnell H, Sell-
gren J, Wallin BG: Augmented resting sympa-
thetic activity in awake patients with obstructive
sleep apnea. Chest 103:1763, 1993



