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= Abstract =
The Influence of Obstructive Sleep Apnea on Systemic Blood Pressure, Cardiac
Rhythm and the Changes of Urinary Catecholamines Concentration

Dae Keun Lo, M.D., Young Mee Choi, M.D., Jeong Sup Song, M.D.,
Sung Hak Park, M.D., and Hwa Sik Moon, M.D.

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

Background : The existing data indicate that obstructive sleep apnea syndrome contributes to the development
of cardiovascular dysfunction such as systemic hypertension and cardiac arrhythmias, and the cardiovascular
dysfunction has a major effect on high long-term mortality rate in obstructive sleep apnea syndrome patients.
To a large extent the various studies have helped to clarify the pathophysiology of obstructive sleep apnea, but
many basic questions still remain unanswered.

Methods : In this study, the influence of obstructive sleep apnea on systemic blood pressure, cardiac rhythm
and urinary catecholamines concentration was evaluated. Over-night polysomnography, 24-hour ambulatory
blood pressure and ECG monitoring, and measurement of urinary catecholamines, norepinephrine (UNE) and
epinephrine (UEP), during waking and sleep were undertaken in obstructive sleep apnea syndrome patients
group (OSAS, n=29) and control group (Control, n=25).

Results :

1) In OSAS and Control, UNE and UEP concentrations during sleep were significantly lower than during
waking (P<0.01). In UNE concentrations during sleep, OSAS showed higher levels compare to Control (P<0.
05).

2) In OSAS, there was a increasing tendency of the number of non-dipper of nocturnal blood pressure com-
pare to Control (P=0.089).
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3) In both group (n=54), mean systolic blood pressure during waking and sleep showed significant correla-
tion with polysomnographic data including apnea index (AI), apnea-hypopnea index (AHI), arterial oxygen
saturation nadir (SaQ. nadir) and degree of oxygen desaturation (DOD). And UNE concentrations during
sleep were correlated with Al, AHI, SaO; nadir, DOD and mean diastolic blood pressure during sleep.

4) In OSAS with AI>>20 (n=14), there was a significant difference of heart rates before, during and after
apneic events (P<0.01), and these changes of heart rates were correlated with the duration of apnea (P<0.
01). The difference of heart rates between apneic and postapneic period (AHR) was significantly correlated
with the difference of arterial oxygen saturation between before and after apneic event (ASa0,) (r=0.223, P
<0.001).

5) There was no significant difference in the incidence of cardiac arrhythmias between OSAS and Control.
In Control, the incidence of ventricular ectopy during sleep was significantly lower than during waking. But in
OSAS, there was no difference between during waking and sleep.

Conclusion : These results suggested that recurrent hypoxia and arousals from sleep in patients with obstruc-
tive sleep apnea syndrome may increase sympathetic nervous system activity, and recurrent hypoxia and in-
creased sympathetic nervous system activity could contribute to the development of cardiovascular dysfunction

including the changes of systemic blood pressure and cardiac function.

Key words : Obstructive sleep apnea syndrome, Systemic blood pressure, Cardiac arrhythmia, Urinary cate-
cholamines
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Table 1. The characteristics of polysomnographic data and urine catecholamines concentration
in control group (Control) and obstructive sleep apnea syndrome patients group

(OSAS)
Control(n=25) OSAS(n=29)
Control-NBP Control-HBP OSAS-NBP OSAS-HBP
(n=15) (n=10) (n=15) (n=14)
Al(n/hr) 2.3+1.3 1.7+15 30.1+24.6 41.5+29.3
AHI(n/hr) 50+24 43+5.7 37.5+26.9 50.3+32.9
Sa0; nadir( %) 91.3+34 85.9+16.5 82.3+13.7 76.5+12.6
DOD(%) 8.2+3.2 13.4+16.1 17.2+13.3 22.7+125
During waking
UEP(pg/ml) 7.4+6.5 10.6£104
7.3+6.8 7.7+6.6 10.7+12.1 10.3£8.8
UNE(pg/ml) 24.6+16.0 34.0£21.0
225+13.9 27.7+19.2 36.5+22.5 31.3+£19.7
During sleep
UEP(pg/ml) 3.8+3.4 4.8+4.2
4.1+3.7 34+31 5.2+5.5 45+2.3
UNE(pg/ml) 11.1+38.9 19.2+13.9
11.6£9.2 10.3+8.9 18.0+14.4 20.4+13.8

Results are mean +SD

Definition of abbreviations : Control-NBP=control without systemic hypertension ; Control-
HBP=control with systemic hypertension ; OSAS-NBP=obstructive sleep apnea syndrome
without systemic hypertension ; OSAS-HBP =obstructive sleep apnea syndrome with systemic
hypertension ; Al=apnea index ; AHI=apnea-hypopnea index ; DOD=degree of oxygen
desaturation ; UEP=urine epinephrine concentration ; UNE=urine norepinephrine concentra-

tion.
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HBP, OSAS-NBP, Control-HBP, Control-NBP
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3. 425 Hot 82el F9o} MY 4 235 o
HAlY THel S olstolo| meiy

OSAS 29%% 189 (62.1%)14 8% ¢ 3
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OSAS-HBP= 1492 109 (71.4%), OSAS-
NBPE 1593 89 (53.3%)0A 22 dZ g9t
3l73o] §19dt}. Control 258%F 108 (40.0% )M
FHz el dP)o] glien, Control-HBP= 10
HZ 19 (10.0%), Control-NBP+= 15W% 949
(60.0% )X &4z U5 gt sPde] gle A=
HEHAT OSASOA #1%F Fg &l fle 7
27} Controldl] vlate] B& Hs BYort FAA
oL giled (P=0.089), 0% ¥t 34
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Fig. 1. Urine norepinephrine concentration (UNE) in control group (Control) and obstructive
sleep apnea syndrome patients group (OSAS) during waking and sleep.
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Fig. 2. Correlation between mean systolic blood pressure during waking and apnea-hypopnea
index (A) or degree of oxygen desaturation (B), mean systolic blood pressure during
sleep and apnea-hypopnea index (C) or degree of oxygen desaturation (D) in all sub-

jects.

20 o1 14 tIFoR $9 FEFH AuES
dslsle] BANE BAD ABdN RaFel 7|7
(duration of apnea)o} #AIgle] HR-B, HR-A,
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Fig. 3. Correlation between urine norepinephrine concentration (UNE) during sleep and apnea-
hypopnea index (A), mean systolic blood pressure during sleep (B) or degree of oxygen
desaturation (C) in all subjects.

Table 2. The correlations of polysomnographic data, systemic blood pressure and urine catecholamines concentra-
tion during waking and sleep in all subjects

50,

BMI Al AHI radic DOD  wakes wake-d sleeps seepd UEP-w UEPs UNEw UNEs
BMI 1000 0388** 0424** —0317* 0307+ 0162 022 0222 0103 0064 0046 0097 0149
Al 0388** 1000 0986** —0543** 0552** 0295* (139 0467 OI7T1  —0004 0174 0060  0.345*
AHL 0424 0986* 1000 —0551** 0560** 0300* 0161  O511** 0189 0023 0181 009  0.341*
:((j)i:- ~0317* —0543** 0551** 1000 0999** -0283* —0172 —0419* 034 —0052 —0207 -0122 —(.283*
DOD 3 o552 0560 0999 1000  0280* 0169 0428* 0032 008 0217 0118 0.296*
wekes 0162 0295*  0300* 0283 0280 1000  0684** 0685** 0494 0002 0012 G164 02%5
waked 0292 0139 0I61 —0172 (169  0684** 1000  0523** 0666 —0059 0012 0070 0.200
Seps (202 0467** 0511 —0419** 0428% 0685** 0523* 1000 0667 0107 0100 0202 0.329*
skepd 0103 0471 0189 —0034 0032 0494** 0666 0667 1000 0004 0018 0101 0207
UEP-w 0064 —0004 0023 —0052 0MB8 0002 —0059 0107 0004 1000  O481** 05I9% 0.283*
UEPs o6 0174 0181 —0207 0217 0012 0012 0100 0018 0481* 1000  0333*  06I5*
UNEw 0097 0060 0099 —0122 0118 0164 0070 0202 0101 O0519%* 0333 1000 0.547**
UNEs 0149  0345*  0341* —0283* 0206* 0225 0200 039" 0207  0283* O06I5** 0547 L000
*P<0.05 **P<0.01

Definitions of abbreviations : BMI=body mass index ; Al=apnea index ; AHI=apnea-hypopnea index ; DOD=
degree of oxygen desaturation ; wake-s =mean systolic blood pressure during waking; wake-d=mean diastolic
blood pressure during waking ; sleep-s=mean systolic blood pressure during sleep ; sleep-d=mean diastolic
blood pressure during sleep ; UEP~w=urine epinephrine concentration during waking ; UEP-s=urine epineph-
rine concentration during sleep ; UNE-w=urine norepinephrine concentration during waking ; UNE-s=urine
norepinephrine concentration during sleep
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Table 3. The changes of heart rates according to the duration of apnea in obstructive sleep
apnea syndrome patients group

HR-B HR-A HR-P ASa0, AHR
Short duration of Apnea 72.4+12.2 713+11.2 76.9+11.6 10.0%£6.3 6.3+4.0
Medium duration of Apnea 72.7£12.3 70.5+11.1 78.9+11.7 12.91+64 8.9+4.1
Long duration of Apnea 724+14.2 659+11.7 82.1+11.8 21.7+74 16.24+5.0

Results are mean+ SD.

Definitions of abbreviations : HR-B=Heart rate during 10 sec before the onset of obstructive
sleep apnea ; HR-A =Heart rate during obstructive sleep apnea ; HR-P=Heart rate during 10
sec after the termination of obstructive sleep apena ; ASa0,=The difference between Sa0, just
before the onset of obstructive sleep apnea and SaQ, nadir after the termination of obstructive

sleep apnea ; AHR =The difference of heart rates between apneic and postapneic period (HR-P
—HR-A).
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Fig. 4. The changes of heart rates according to the duration of apnea before, during and after
apneic events.
Definitions of abbreviations : HR-B=Heart rate during 10 sec before the onset of ob-
structive sleep apnea ; HR-A=Heart rate during obstructive sleep apnea ; HR-P=
Heart rate during 10 sec after the termination of obstructive sleep apnea.

— 162 —



50

A HR (n/min)
S
|

-
o
1

40 . . r=0.223
83 P <0.01
30 = '.;c. ..-:. -

20 40 60 80 100
A Sa03 (%)

Fig. 5. Correlation between the difference of arterial oxygen saturation between before and
after apneic event (ASa0,) and the difference of heart rates between apneic and

postapneic period (AHR).

F7htA (P<0.01), ASa0,9} AHR Alolo=
frogt guaAzt ddoh(r=0.223, P<0.001)
(Fig. 5).

6. Mol 401 R Zol Su ool ZHMAl U 4
5 A5 WY vsolo| Bei

OSAS 29%=% 1wor AAWd  (ventricular
tachycardia), 3wollx] AldbE  (atrial fibrilla-
tion)o] ZHAle} $HZ BRI A A ¥ Con-
trolof| Al o] & ARy eo] gau|x] Qopr}. BAx)
(sinus pause), AMNAA 7]€4%  (supraven-
tricular ectopy) @ AlMA 7]19)4Z (ventricular
ectopy) ©] i AN BEFHYON o)F YRA
“U SR WEE fofgh zhol7) ¢igith. AAAA )

£33} 444 T190550] 52 250N 71 £5)

#HZHY, Controlo| M= AMA 7]9)430] 24
Aol vlgte] FRZe) "5 A% vhd OSASH)
Me FAFE A9} vmste] fo3 Aas B
°o]A] ¥ttt (P<0.05)(Table 4).

i

mzLu

A4 8 F2F ZFTAME 4710} 49 4
A &2 =2 (inspiratory effort) o] &7tz <l
3l 7 olth71gt (subatmospheric pressure) @)
HHEAQ Adgol FHEI, £ 23 F (sleep
apnea)dll ¥  AdaZa HEd aEE
(hypercapnia)©] BvHe S5 Qith. F4] wge] =
7l ANAEF 2 aREEe] 24 9% (arousal
threshold)ef] =g3&ld Z4¥ke  (arousal res-
ponse) & fste] 47|z 9 HHEA o] HEHEY,
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Table 4. Cardiac arrhythmias in obstructive sleep apnea syndrome patients group (OSAS) and
control group (Control) during waking and sleep

OSAS(n=29) Control(n=25)
Waking Sleep Waking Sleep
Sinus pause 6 4 5
Supraventricular ectopy 18 19 11
Single 17 19 11
Complex 6 1
Supraventricular tachycardia 1 1
Atrial fibrillation 0
Ventricular ectopy 11 12
Single 10 12 5*
Complex 1 1
Ventricular tachycardia 1 0 0

*P<0.05

A7I5 AHe ofst F£H REFH} ZAdo olsie] 4
712 N80l BEEE FI7F AA FHAG B¢
A3 WA £835 GERAGD. olg Al Me T
TF O FEFY SEAQ MikaF, nvhkE,
Z4uke 2 F7 oldivikel A

3} (hemodynamic changes) & Z=a|& 4= 9l
oz AAE: Jon, AMY 1Y, HEY
g, AFAH, A238F 2 HE

FHAe BAnE Fdo| S Aoz FEH3
17"‘20)'

3] £ F3EFS A4 €4 (systemic blood
pressure) o] ¥slol] JI& v|A= FaF 9o
A= ot A7 Heldelsd 7o) B
AL FYEA B& AAolt). AxpEo] AA A
oAlA B Aol oJstH S € A HE
%7 YL FI3FAF, FEF-AzEXF, FHF
U HA Adryse 9 Aks XA E Y Fof3
#HAgo] 9i%lem, #HF 2 norepinephrine Fx
= B3FAF, FEF-AZFAF, FEF - B2
4= 9 FEF HT £ 47 FdAo] U
th. B3] A YU F5F FTFT BN

H39] 9 norepinephrine X7} iR H]sk
FolsHl F7te] LS BFFo2H olF e
NME FEFN AEAEA 53] nANAA SA=
7} F7He & 5 At oS HE AE 5l
ZHg Aot FHZe] AN e FHF RS
F3E AakaFe] Axd et HEtd 4 glod,
WEEE AdaFd 4 2 s w3
PAE Wst A4 Weke) UstE zdeke 208
830 d 4 31 Aoz JZHA.

wlol B4 S0 £5E 29 VRS A4
£ norepinephrine F%7} &3} 8231 zjol7}
U, E3] 444 ¢ $HF norepinephrine F%
7F A 1 Eeke] B o Fel A3 BEAHS B
o]z it} wetr B H¥Ee T3 A $E F
3F FFT FAENA Tl A FStol s
3z ol E ARE e UAIAT, ol XA Z
QA= "t Asol A&EE A 8] B
718& ol E Fe . 2eY AREe] AN
g oE dddM HJ8 £8 F3F 3T s
< 4¢3} 28] E%F norepinephrine] 4% WF
(circadian rhythm)o| ##s| A4S AF3 n}
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AN, wetd HAH FH FEF 5T SAES
T F3E e vEAHA HikiZEs) 2k o
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outflow)o] 92 AzAL oz AP &
s Agol AgElE A nEde] HAG 4 Qg
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o] FHt oo me} ER3te] gaAgo =N Hy
A 78 3% FHF el A3l njxE= &3}
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period)oll& F-3.&o] ARE7] Ao vl f-ol
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