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The Changes of Plaéma Catecholamines Concentration during Waking
and Sleep in Obstructive Sleep Apnea Syndrome Patients
with Systemic Hypertension.

Hwa Sik Moon, M.D., Dae Guen Lo, M.D., Young Mee Choi, 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 : Recent studies reported that untreated patients with
obstructive sleep apnea syndrome had high long-term mortality rates, and
cardiovascular complications of these patients had a major effect on mortality.
Several data indicates that obstructive sleep apnea syndrome contributes to the
development of diurnal systemic hypertension. But the pathophysiological
mechanism of the development of systemic hypertension in these patients is
still uncertain. This study was performed to evaluate the possible role of
sympathetic nervous system activity for the development of systemic
hypertension in patients with obstructive sleep apnea syndrome.

Method : 35 patients with obstructive sleep apnea syndrome(OSAS) and 13
control subjects(Control) were included in this study. 21 patients of OSAS
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were normotensives(OSAS-NBP), and 14 patients of OSAS were
hypertensives(OSAS-HBP). Full night polysomnography was undertaken to all
subjects. We measured plasma norepinephrine(NE) and epinephrine(EP)
concentrations during waking and sleep, using high performance liquid
chromatography, in all patients and control subjects.

Results : In OSAS, OSAS-NBP and Control, plasma NE and EP
concentrations during sleep were lower than during waking(p<0.01). But, in
OSAS-HBP, there was no difference between during waking and sleep.
Plasma NE concentrations during sleep of OSAS, OSAS-NBP and OSAS-HBP
were higher than Control(p<0.05). In OSAS-HBP, daytime systolic blood
pressure correlated with plasma NE concentration during sleep(r=0.7415,
p<0.01), and correlated inversely with mean arterial oxygen
saturation(r=-0.6465, p<0.05) or arterial oxygen saturation nadir(r=—0.6114,
p<0.05) during sleep.

Conclusion : The sympathetic activity during sleep of obstructive sleep
apnea syndrome patients was higher than control subjects. In obstructive sleep
apnea syndrome patients with systemic hypertension, there was no diurnal
variation of sympathetic activity, and there was correlation between daytime
These data
suggests that chronic hyperactivity of sympathetic nervous system may

systolic blood pressure and sympathetic activity during sleep.

contribute to the development of diurnal systemic hypertension in patients with
obstructive sleep apnea syndrome.

Key Words : Obstructive sleep apnea syndrome, Systemic hypertension,
Catecholamines

A

rhu

Q(systemic blood pressure)® Aluk

HHd £ F35FFFF(obstructive slee
p apnea syndrome)& WX A<l FWz @B
H Z&Fl(sleep-related respiratory distu—
rbances) 241 A X58F HAAEA FE
49 714 & (ong-term mortality rates)
o] zom AAA 38 (systemic hyperte-
nsion)e X3 HEHAA FHZFo| olg 3
Age FE Aggos AH=m o
FHA 7 (sleep stages)oll wEk zjo]7} glo
v dur oz gA FHFoe A o

- 601

ZHg Aol Hlgte] ZAasEY WA $H 7
FEFFT AME FUHE TEALY
e AAA "9 FE Asd gE
Aubsgel AwrEgo] FA T WHSE HQ

Lol BatollA]l AAA Ate) Aol
YRE $EF BAHYATL B BAIS
e A= "ite) dso] A&sE A
oz gy Y AN ™Y #AR
o] o 30%00A W HEFZFFo] WA
T 5E REEETT 829 30% WA 70%
oA Al Y] FurEE Ao



Hol Qo sm RFEZFT Fa}o A
A ndg Ao gzl g o]s)
€ ¢ 755 AAelth. Al o) A}
A A Egte] )™ oiE A7
e Bazke] Mt g Aozt glev, §
AT HEEHe AMAFH ZAdNEe] 9%
WA FA GAEe WSyt ANAG g9
A3 pHo] ge Roew F&2FHm o
~19)

AAEL HAY A FEFSST SR A
S e WA A SEY Wzt o
7] 9% 33 WEOE norepinephrine(©]
3 NEZ °F§h)% epinephrine(®]dt EPZ <
& A9 FHF 4z DxAuyEe

B A8t o]EoA Ao|7b =R R
£ #Fsta, AAE n8te] Tk HHA
T FIFFTIET B9 AL e Bo)
= HAE T8 FIEFFIFT AN A
Aot HF 9 ¥4 catecholamines®] =&
Ho B30 2 ol &xlor ANA 1

"ske] o] WHAAA AT Wsie
oM e Aol YA Folrut ST,

CjAF 2 uhy

o X O

1. &

0>

TaFe] ZelYdA FHAER G AHsleep
questionnaires) ¢} At A AHpolysomnog-
raphy) & A% HAA 4 FIEES
Tog g BHES HA BRE(old
OSASZE ofghoz 391, ol HA #Fxt
T(0SAS)S ©A] ARste 1499 AXNA
TEstel Fytd HHYAH £U FIEFFT
gA#(0)8 OSAS-HBPE  2Fgh3 217 9
ANE n8sto]l SurER ¥ #HygA 7
FEEFESTFT #AT(0]3F OSAS-NBPZ ¢
hez FEIGTE 1d8te] HHol Y
FuEAAE 5E&85U Fee Ha 33 o
d dE AFEa @A R} 23]o)4d A
g 7] g9tol OmmHgeldolAY =

z

7] E3}o] 140mmHgol 4l 7A-$-
1¥ge] ke #FAE AP u”,
7Ie3 AAAE gobol Aol +
el ATl glg ®ek ot 9
AXA A AGAAE B 133HE A
(°]3} Control2 ¢Fgho = &9t}

%
3
_?,]

2.4y

FHOLHAAE HAIR] H4 5¢d5RE
FHd FF¢E A F e BE dAE B
£31A] FEE S n¥eF A9 H ol
t FAEAAY FAE FAFNEE A4
R BEE tide] FHOYAAE 98 A
APdel =&etd ZHAME HdielA Ha 14
rold 4kl AEE kAN F AAAH)
A TxANFG APl ol A9
g5 NE % EP ¥ &2Ad Al&3tgeH
AL A 9Al9} 10A] Atolol A A)staActh,
THRGLAALE AAE7] Aol WA saA
TAAALE AABIA R AAAST o] 2
3lo]d A&3ld dgs AU Fud
A e BAEY Jled AT 59
o R 35y AAeEr]7Htotal  sleep
period) &< AAEI o AAAEE HA
6AI1ZE oot FHGAHALE A=}y
o) #uH(heparin 2500IU)S £33 A
A g9 B00mlE #FHAte] dxA A AZs}]
THZT DxARE AGr7A] HHFYgoe
24 el 9% #Abe] 74 E WA 3taat
=HIUG. FUGLAAE A & 9
Fejel A F3Fo] HIWEA YeldAY ¢
Ag AFsle] H4 2A7bolA AFF Fd
A 2RI S APste o]F FHFI
3 NE % EP &Aoo ol&3lger Ade
A 2x)9F 3A] Abelell HAlEtgTh AP E
g2 EDTA &$uA7l Hzg &7)of 2
of HA dAEETd ¥ dFS 2ol NE H
EP s% SAA 714 ~70C AgHd 93z
of RAsHT. FHGAY] 4.8 Rechtsc-

- 602 -



haffen®} Kales®] #%57]Fo wet AAa%
1% 25 % (apnea)e Fo] 102014 A
T A2 Aoy en A3z F(hypopnea)
SEFo] 50%°1d " AEI7F 102014
Hi 59 AFEEvE 7)A29 b
o 4%01 Fadhe FASE Aot
F3%A 5 (apnea index, ADS} AIZFAF
(hypopnea index)= Z+Z} A FHAIZE
(total sleep time)d YEld H3F T& A
IE& T8 AA FHArZHhour) &2 Lo
A&, SE&F )RS (respiratory distur-
bance index, RDD& FEEFA ¢} A EE A
TE Y goz Ak FUEF Ahgrs
A% (degree of oxygen desaturation, DOD,
%)= APA FHE AATEEe FEE T
WY HAANAEEE(Sa0: nadir, %)9te] =t
ol Al FUYE AAE3To) hI wE
& AT FHOAAA S B35
A FEEFAF7E 5olded BSE u
FToE ZAgsgon A% ¥
of wet HAAY, TF4 T £
st #HHY $H FIESIFT
Aroidel EEAHAT. €% NE 2
EP ¥% &7%& HPLC(high performance
liquid chromatography, Ewon reference lab.,
Seoul, Korea) ®Hell 98 AAjstsict

Bl X oo
% W

oftt ol
@ jo o 4o
2 Lo o

3.
H
%
:’7_

Eyl_

fot

tio MT I o

3. A A&l

Aoyt M9k e(body mass index, BMI,
kg/m)7F AAA ek 2 FugdAle X
H (polysomnographic data)o] ©X& S
wAslr] st FF7]9h oY, A
dHAe] 2 A%, ¥4 NE 2 EP %%
Atole] AP E A HURE AN
(control variable)®2 3k partial correlation
coefficient® FAZF3sAth. OSAS-HBP 1449
F 14dA 8% 83 NE 2 EPY &4o)
o] FoJ X2 gFol o]& A|Y3taL FA s}
etk OSAS, OSAS-HBP, OSAS-NBP ¥

Control ZtZtel| Al ZhdAlel WS @7 NE
2 EP 5%Z paired Student’s t test® H]
A FAEHow, Zhr7ke] ZHAA] NE ¥
EP %9 #HZF NE ¥ EP %% Ztzt9
©]4d& unpaired Student’s t test® %3}
F I p-value 0.05°1318 A4 Aol
AOE HFEAh

Jo

e

4 1}

1. OSAS, OSAS—HBP, OSAS—NBP
% Control 22710 A4H 54

OSASE R5 Hpyoz Izl 331 oz} 2
Holdy BHFFHL 460L1254Fg e o]
£% OSAS-HBPE 149 oz Izl 129 o
2L 2ol Ra HAFAH L 538 £ 11549
1 OSAS-NBP: 21Moz RE dxigi
FAdHe 408 £ 10649t Control&
13 o2 @A 89 ozt 5ol HHFAH
& 402 * 12049t Table 1). ol& Z&
o] HivtE, STt EAY] X FE, AN ¥
4 2 AENe} FHFY 3 NES EP %
w9 HiAE Table 13 2t}

2. ZhrolA ZHdA e £HES EF NE
Y EP Sk Hln

OSAS, OSAS-HBP, OSAS-NBP ¥
Control®] Zt4Al 8% NE Fxe Z
1935*84.7pg/ml, 160.2%+66.8pg/ml, 2158
89.4pg/ml, 1783*49.8pg/mleo|Y L, FHS
NE s%% ZtZ} 1384%50.7pg/ml, 132.8=*
449pg/ml, 141.9%+54.8pg/ml, 99.0£27.2pg/ml
ot B o]EelA A EP FEE
Zy2} 765137.1pg/ml, 63.3=126pg/ml, 85.3
*45.1pg/ml, 7441359pg/mlelle™, 44
% EP 3=+ Z}Z} 55.7124.1pg/ml, 60.2=
29.1pg/ml, 52.9+20.7pg/ml, 42.8+216pg/ml
o]t

H N

- 603 -



Table 1. Patient Characteristics

OSAS OSAS-HBP OSAS-NBP Control

Age(year) 4601125 53.8+11.5 40.8+10.6 4021120
Sex(M%:F%) 9% :6 86:14 100: 0 62 ;38
BMI(kg/m) 28.114.6 29.0%6.5 275126 247147
Blood pressure

systolic(mmHg) 1297179 140.7+159 12241155 121.5+135

diastolic(mmHg) 8641112 91.1:9.2 8331116 815107
Al(n/hr) 354178 2641187 4141147 07106
RDI(n/hr) 39.5+18.0 2991193 4581143 1L.1*+1.1
Mean Sa0x(%) 89.11t4.8 90.014.8 884148 959+13
Sa0, nadir(%) 750x7.7 76.016.9 743182 89.21438
DOD(%) 234%76 22+64 242184 9.615.0
During waking

NE(pg/ml) 193.5+84.7 160.2+66.8 21581894 178.3+49.8

EP(pg/ml) 76.5+37.1 633£126 85.3+45.1 7471359
During sleep

NE(pg/ml} 138.4150.7 132.8+449 141.9+54.8 99.0+27.2

EP(pg/ml) 55.7£24.1 60.2129.1 5291207 428+216

Data are given mean+tSD.

Definition of abbreviations : OSAS(Group of obstructive sleep apnea syndrome patients with or without systemic
hypertension), OSAS-HBP(Group of obstructive sleep apnea syndrome patients with systemic hypertesion),
OSAS-NBP(Group of obstuctive slecp apnea syndrome patinets without systemic hypertension), Control(Group of
normal subjects), BMI(body mass index, kg/m’), Al(apnea index, n/hr), RDI(respiratory disturbance inde, n/hr), Mean
SaOj(mean arterial oxygen saturation during sleep, %), SaO; nadir(arterial oxygen saturation nadir during sleep, %),

DOD(degree of arterial oxygen desaturation during sleep, %), NE(norepinephrine), EP(epinephrine).

AAY n8RE BHE AN FH 75
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Figure 1. The Comparison of Plasma Concentrations of
Norepinephrine between During Waking and
Sleep within Each Group.
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Figure 2. The Comparison of Plasma Epinephrine Concentrations
between During Waking and Sleep within Each
Group.
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Figure 4. The Comparison of Plasma Norepinephrine and
Epinephrine  concentrations  between  During
Waking and Sleep among OSAS, OSAS-NBP

and OSAS-HBP.
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Table 2. Correlations of Blood Pressure, Polysomnographic Data, Plasma EP and NE Concentrations in the OSAS
NE NE EP EP
Mean | Sa0, ! : : I
BPs | BPd | Al RDI 2 | DOD | during | during | during | durin,
8a0; | madir waking sleepg waking sleepg
BP-s - 05959%*| 0.0224 | 0.0144 | -0.1611 | 0.1757 | 0.1663 | 0.0471 | 0.4072* | -0.1927 | -0.0652
BPd 0.5959**| - | 00584 | 0.0322 | -0.1660 | 0.1530 | 0.1579 | 01220 | 0.1751 | 00731 | 0.0294
Al 00224 | 00584 | - [09739** |-0.6614**|-03857* | 0.3578* | 0.2820 | 0.0446 | 02419 | 0.1298
RDI 00144 | 00322 [09739**| - |-0.6847**|-03539* | 03187 | 02740 | 0.0717 | 02270 | 0.1526
Mean Sa0, | -0.1611 | -0.1660 |-0.6614**|-0.6847**| - |0.7142**[0.6724**| 02081 | -0.2892 | 0.0549 | 0.03%
Sa0, nadir | -0.2065 | -0.1530 | -0.3857+ | 0.3539% [0.7124** | - [-09923**] -0.0402 | -0.2067 | 0.1756 | 0.0326
DOD 0.1663 | 0.1579 | 0.3578* | 03187 |-0.6724**[-09923+| - 00390 | 0.1797 | 0.1692 | 0.0428
wg 0.0471 | -0.1220 | 02820 | 02740 | -0.2081 | -0.0402 | 0.0390 - 0.1903 |0.5002** | -0.1908
g‘fgpd“ﬁ“g 0.4072* | 0.1751 | 0.0446 | 0.0717 | -02892 | 0.2067 | 0.1797 | 0.1903 - 02357 | 01221
gkggng 0.1927 | 0.0731 | 02419 | 02270 | -0.0549 | 0.1756 | -0.1629 |0.5002*+* | 02357 | - 0307
Seep "8 | 00652 | 00294 | -0.1298 | 0.1526 | 00394 | 00326 | 0.0428 | 0.1908 | 01221 | 03074 | -

Definition of abbreviations : OSAS(Group of obstructive sleep apnea syndrome patients with or without systemic

hypertension),

BP-s(systolic arterial blood pressure),

BP-d(diastolic arterial blood pressure),

Al(apnea  index),

RDl(respiratory distrubance index), Mean SaOi(mean arterial oxygen saturation during sleep), SaQ. nadir(arterial oxygen
saturation nadir during sleep), DOD(degree of arterial oxygen desatruation during sleep), NE(norepinephrine),
EP(epinephrine).

*p <005

** p < 001
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Table 3. Correlations of Blood Pressure, Polysomnographic Data, Plasma EP and NE Concentrations in the OSAS-HBP.

Mean | SaO, NE | NE | EP | EP
BP-s | BPd Al RDI SaO, | nadir DOD | during | during | during | during
a waking | sleep | waking | sleep
BP-s - [07267% | 04252 | 04456 | -0.6465* | 0.6114* | 05958 | 03150 |0.7415%* | 03023 | -0.5490
BP-d 07267 |- | 0.1210 | 0.1071 | 03262 | 03650 | 03961 | 02954 | 04445 | 03502 | -0.1992
Al 04252 | 0.1210 | - |09972%*| 05981 | 03665 | 0.3633 | 0.1209 | 04%9 | 0.1032 | -0.3570
RDI 04456 | 0.1071 09972 | - | 06019 | 03622 | 03548 | 0.1182 | 00673 | 0.1490 | -03977
Mean Sa0; |0.6465*| 03262 | 05981 | 06019 | - |08770%%|-08672**| -0.1785 | 02622 | 0.4020 | 04091
Sa0; madir | -0.6114*| -0.3650 | -0.3665 | 03622 [08770"* | - |-09920**| 00484 | -02602 | 03090 | 0.1851
DOD 05958 | 03961 | 03633 | 03548 |-08672* | 09920%| - | 00069 | 02192 | 0.2438 | 0.1160
NE during | 03150 | 02954 | 0.1200 | 0.1182 | 0.1785 | 00484 | 00069 | - | 05176 | 0.0957 |-0.6891*
waking
NE during - lo7415+| 0.4445 | 00499 | 00673 | 02622 | 02602 | 02192 | OSI%6 | - | 04237 | 04767
EP uring | 03023 | 03502 | 01032 | -0.1490 | 04020 | 03090 | 02438 | 0099 | 04237 | - | 05174
EFoduwing | 05490 | 0.1992 | -03570 | -03977 | 04091 | 01851 | 01160 |-06891% | 04767 | 05114 | -

Definition of abbreviations : OSAS-HBP(Group of obstructive sleep apnea syndrome patients with systemic hypertension),
BP-s(systolic arterial blood pressure), BP-d(diastolic arterial blood pressure), Al(apnea index), RDI(respiratory disturbance
index), Mean SaO.(mean arterial oxygen saturation during sleep), SaO; nadir(arterial oxygen satruation nadir during
sleep), DOD(degree of arterial oxygen desaturation during sleep), NE(norepinephrine), EP(epinephrine).

*p < 005
** p < 001
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Figure 5. Correlations of Systolic Blood Pressure and plasma

Norepinephrine Concentration During Sleep in
OSAS-HBP
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