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B ABSTRACT

Objectives: Nasal continuous positive airway pressure (CPAP) corrected elevated blood pressure (BP) in some studies of obstructive
sleep apnea syndrome (OSAS) but not in others. Such inconsistent results in previous studies might be due to differences in factors
influencing the effects of CPAP on BP. The factors referred to include BP monitoring techniques, the characteristics of subjects,
and method of CPAP application. Therefore, we evaluated the effects of one night CPAP application on BP and heart rate (HR)
reactivity using non—invasive beat—to—beat BP measurement in normotensive and hypertensive subjects with OSAS.

Methods: Finger arterial BP and oxygen saturation monitoring with nocturnal polysomnography were performed on 10 OSAS
patients (mean age 52.2+12.4 years ; 9 males, 1 female ; respiratory disturbance index (RDI)>5) for one baseline night and another
CPAP night. Beat—to—beat measurement of BP and HR was done with finger arterial BP monitor (Finapres®) and mean arterial oxygen
saturation (SaQs) was also measured at 2—second intervals for both nights. We compared the mean values of cardiovascular and
respiratory variables between baseline and CPAP nights using Wilcoxon signed ranks test. Delta (A) BP, defined as the subtracted
value of CPAP night BP from baseline night BP, was correlated with age, body mass index (BMI), baseline night values of BP, BP
variability, HR, HR variability, mean Sa0» and respiratory disturbance index (RDI), and CPAP night values of TWT% (total wake time %)
and CPAP pressure, using Spearman’s correlation.

Results: 1) Although increase of mean SaQ. (p<.01) and decrease of RDI (p<.01) were observed on the CPAP night, there were no
significant differences in other variables between two nights. 2) However, delta BP tended to increase or decease depending on BP
values of the baseline night and age. Delta systolic BP and baseline systolic BP showed a significant positive correlation (p<.01),
but delta diastolic BP and baseline diastolic BP did not show a significant correlation except for a positive correlation in wake stage
(p<.01). Delta diastolic BP and age showed a significant negative corelation (p<.05) during all stages except for REM stage, but
delta systolic BP and age did not. 3) Delta systolic and diastolic BPs did not significantly correlate with other factors, such as BMI,
baseline night values of BP variability, HR, HR variability, mean SaO. and RDI, and CPAP night values of TWT% and CPAP pressure,
except for a positive correlation of delta diastolic pressure and TWT% of CPAP night (p<.01).

Conclusions: We observed that systolic BP and diastolic BP tended to decrease, increase or remain still in accordance with the
systolic BP level of baseline night and aging. We suggest that BP reactivity by CPAP be dealt with as a complex phenomenon rather
than a simple undifferentiated BP decrease. Sleep Medicine and Psychophysiology 2002 ; 9(1) : 24-33

Key words: Blood pressure reactivity - Obstructive sleep apnea syndrome - Continuous positive airway pressure.
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Co., USA) & AR89l o, #538le Wat 717]89 A
AME Fxste] 25 A5 (electrodes) 7 A 7] E (se-
nsors) & F&F3ItE HIHEEG), HIE(EOG), shet
A% (chin EMG), AAE(ECG), &2 (breathing sound),
T7 @ B]F7] 5 (oral and nasal airflow), 3%
(chest movement), -2 (abdominal movement), A}
A% (limb movement), 181 5 ARAZ I} (arterial
oxygen saturation) &= 7433tk Hud=-2 10-20
AA(36) ol ZABF C3/A2, O1/A2, 02/Al°l, FAE 7+
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Table 1. Demographic and baseline respiratory and hemodyn-
amic characters

Mean +8.D (median) Range
Age 52.2+12.7 ( 51.5) 28.0— 67.0
Height (cm) 170.0+ 4.0 (170.0) 164.0—175.0
Weight (kg) 76.8+11.7 ( 76.0)  62.0-105.0
BMI (kg/m2) 26.6+ 4.6 ( 25.7) 22.2— 39.0
RDI (hour-1) 40.1+33.5 ( 52.9) 9.8—-114.3
Mean SaO; (%) 92.9+ 3.6 ( 944) 84.2— 96.1
Nocturnal SBP (mmHg) 129.8+23.6 (127.5) 100.6—175.7
Nocturnal DBP (mmHg) 77.7£119( 755  64.2— 99.2
Nocturnal HR (beats/min) 66.2+ 9.5( 627) 57.2— 874

BMI : body mass index (weight/height?), RDI (respiratory distur-
bance index) : the total number of apneas and hypopneas
divided by sleep period time (hour), SaO2 (%) : arterial oxygen
saturation level, SBP : systolic blood pressure during nocturnal
sleep, DBP : diastolic blood pressure during nocturnal sleep, HR :
heart rate

27

Table 2. Comparison of mean hemodynamic variables between
baseline and CPAP nights

Parameter Sleep stage baseline night CPAP night p
SBP (mmHg) Non-REM 128.5+£23.9 129.9+12.7 ns
REM 136.1+28.4 131.5+142 ns
wake 132.3+18.9 133.6+13.7 ns
SPT 129.8+23.6 131.0+12.3 ns
SBP variability Non-REM 29.8+37.8 27.2+221 ns
REM 27.3+30.9 23.9+13.4 ns
wake 19.2+ 84 19.4+10.0 ns
SPT 28.6+34.4 25,5+18.1 ns
DBP (mmHg) Non-REM 76.9+12.1 752+ 7.0 ns
REM 81.3+15.3 76.7 9.9 ns
wake 79.1+11.1 775+ 6.4 ns
SPT 77.7+11.9 75.8+ 6.9 ns
DBP variability Non-REM 11.7+14.4 13.5+18.1 ns
REM 11.94+10.0 9.6+ 4.8 ns
wake 10.2* 4.8 79+t 40 ns
SPT 11.9+12.6 12.6+15.2 ns
HR (/min) Non-REM 65.7+ 9.6 65.3+10.9 ns
REM 65.8+ 9.1 63.5+ 6.9 ns
wake 69.1+-10.4 67.4+£10.1 ns
SPT 66.2+ 9.5 65.8+10.6 ns
HR variability = Non-REM 22.5+21.8 16.2+21.9 ns
REM 27.7+27.7 11.5+10.5 ns
wake 26.1+24.9 30.2+£36.3 ns
SPT 24.3+20.0 21.0+£24.0 ns
SBP : systolic BP, DBP : diastolic BP, HR : heart rate, variability : de-

fined as the value difference between two succeeding beats,
SPT : sleep period time, ns : not significant

Table 3. Comparison of respiratory variables and total wake ti-
me% between baseline and CPAP nights

Parameter Baseline night CPAP night P
RDI 40.1+33.5 4.8+7.9 0.01
Mean SaO2 (%) 92.9+ 3.6 96.3+1.3 0.01
Lowest SaO2 (%) 78.4+12.6 88.5+6.0 0.01
TWT% 18.7+16.0 21.8+0.8 ns
RDI : respiratory disturbance index, SaO. (%) : arterial oxygen

saturation level, TWT% :
in bed]x100), ns :

total wake time% ([total wake time/time
not significant

Table 4. Blood pressure (BP) reactivity defined as delta (2) BP

ABP (mmHg) Sleep stage Mean Range
A\ SBP Non-REM —1.35+16.46 —34.50 ~ +28.44
REM -0.73+20.76 —40.79 ~ +32.53
Wake —2.21+1551 —42.76 ~ +17.55
SPT —-1.26+17.25 —37.25 ~ +29.34
ADBP Non-REM 1.71+t11.27 -14.12 ~ +25.69
REM 250%t13.16 —18.24 ~ +28.22
Wake 1.63+t 9.89 -—17.28 ~ +15.19
SPT 1.88+11.35 —15.39 ~ +25.11

ABP : values of baseline night blood pressure minus CPAP night
blood pressure, SBP : systolic blood pressure, DBP : diastolic blo-
od pressure, SPT : sleep period time
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Table 5. Correlations between delta (A) blood pressures and hemodynamic variables of baseline night

Parameter Sleep 58P ~ D8P
stage Non-REM REM Wake SPT Non-REM REM Wake SPT
SBP Non-REM 0.84** 0.80* 0.93** 0.85** 0.55 0.52 0.41 0.55
REM 0.76* 0.80* 0.87** 0.77** 0.48 0.52 0.39 0.48
Wake 0.65* 0.43 0.85** 0.62 0.41 0.28 0.50 0.41
SPT 0.84** 0.80* 0.93** 0.85** 0.55 0.52 0.41 0.55
SBP Var Non-REM 0.61 0.62 0.68 0.62 0.49 0.37 0.32 0.49
REM 0.45 0.48 0.40 0.48 0.28 0.43 0.20 0.28
Wake 0.08 —0.28 0.45 0.05 0.25 —0.47 0.55 0.25
SPT 0.59 0.58 0.62 0.60 0.45 0.38 0.30 0.45
DBP Non-REM 0.53 0.27 0.82** 0.56 0.60 0.30 0.75* 0.60
REM 0.62 0.47 0.84** 0.65* 0.58 0.45 0.66* 0.58
Wake 0.25 0.05 0.72* 0.30 0.45 0.05 0.79** 0.45
SPT 0.53 0.27 0.82** 0.56 0.60 0.30 0.75* 0.60
DBP Var Non-REM 0.52 0.38 0.65 0.53 0.33 0.15 0.22 0.33
REM 0.28 0.33 0.28 0.35 0.18 0.26 0.15 0.18
Wake —-0.30 —0.45 0.09 —-0.28 0.13 —0.48 0.47 0.13
SPT 0.42 0.15 0.31 0.45 0.43 0.23 0.24 0.43
HR Non-REM 0.03 —0.55 0.07 —0.02 —0.03 -0.33 0.25 —0.03
REM 0.08 —-0.38 0.28 0.10 0.21 —-0.20 0.52 0.21
Wake -0.22 —0.80* —0.05 -0.25 —-0.07 —0.63 0.32 —-0.07
SPT —-0.07 —0.65 0.01 —-0.10 —0.08 —0.45 0.22 —0.08
HR Var Non-REM —0.05 —-0.70 0.14 —0.04 0.30 —-0.30 0.60 0.30
REM -0.12 -0.17 —0.58 -0.13 -0.13 0.21 —0.28 -0.13
Wake -0.31 —0.65 -0.24 —-0.28 0.24 —0.40 0.38 0.24
SPT —-0.07 -0.75 0.02 —0.05 0.20 —0.28 0.44 0.20
x 1 p<.05, #x 1 p<.01, ASBP : values of baseline night systolic BP minus CPAP night systolic BP, ADBP : defined in the same way as ASBP,

HR : heart rate (beats/min), Var :

79% A3 (p<0D), F AESE] HA] W FH
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Fig. 1. Correlations of delta systolic blood pressure and baseline
systolic blood pressure. Baseline SBP and A SBP showed significant
positive correlation during all matched stages (non-REM sleep,
REM sleep, wake stage and sleep period time ; p<.01, p<.05,
p<.01 and p<.01, respectively). The higher baseline SBP is, the
larger is the valeus of ASBP. SBP of CPAP night tended to de-
crease in hypertensive group, but tended not to change or to
increase in normotensive group by one night CPAP application.
# 1 p<.05, *x 1 p<.01, ASBP :values of baseline night systolic BP
minus CPAP night systolic BP, SBP : systolic blood pressure, SPT :
sleep period time.



I GAEE o)) ¢ deRgky) A5 g
£ Azt Ay A5 gAE AlQg v)E S (p05b),
7] wHA (p<.01) W FH7)ZAZFHPL.05) 9 4 ghA| o
A Felst o AdaEATE AIRE 57 99 deRk
A Atolof= |23 AHIAZE JATHE 6, 17 3, 4).

F=7] 9 olr] det dElgt 4 AAHAS, V%
AU S5V Wi, 181 s Al FAA
7F RS 9 okeke AUk el 523 A 9l
Aot 18y, e Al FAAAAITE EES 4497
9] ojetr] et dEbgkE f-ost A AdABATT AT
(p<.01) (3£ 6).

nl At

A7 o] Fol AFEs nEd Bl gehsol

50
404
30+ v
20
-
-~ B og
jg 10 Av.v v o
A
E o0 56t
~ 0
g ® e
8 ~107] v
< —20- & Sleep stage
A Non-REM
—307 vV REM
—40 0 Wake**
® SPT
-50 T T T T
40 60 80 100 120 140 160
DBP (mmHg)

50
40+
30+ v
20
2
-~ | 2o
g w o v
£ % v 4
E 0 . o
=~ u}
& _q0- L} ®
—-10
B voe
—20- Sleep stage
A Non-REM*
—30 vV REM
— 40 O Wake**
® SPT*
—50 T T T T
20 30 40 50 60 70 80
Age (year)

Fig. 3. Correlations of delta diastolic blood pressure and age. Age
and ADBP showed significant negative correlation during all
matched stages (non-REM sleep, wake stage and sleep period
time ; p<.05, p<.01 and p<.05, respectively) except for during
REM stage. DBP tended to decrease in young aged group, but
tended not to change or to increase in old aged group by one
night CPAP application. * : p<.05, *x : p<.01, ADBP : values of
baseline night diastolic BP minus CPAP night diastolic BP, SPT :
sleep period time.

Fig. 2. Correlations of delta diastolic blood pressure and baseline
diastolic blood pressure. Baseline DBP and A DBP showed no si-
gnificant correlation during all matched stages except for sig-
nificant positive correlation during wake stage (p<.01). * : p<.05,
#x 1 p<.01, ADBP : values of baseline night diastolic BP minus CP-
AP night diastolic BP, DBP : diastolic blood pressure, SPT : sleep
period time.
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Fig. 4. Correlations of delta systolic blood pressure and age. Age
and ASBP showed no significant negative correlation during all
matched stages (non-REM sleep, wake stage and sleep period
time). * : p<.05, =+ : p<.01, ASBP : values of baseline night syst-
olic BP minus CPAP night systolic BP, SPT : sleep period time.

Table 6. Correlations among delta (A) blood pressures and respiratory variables, total wake time% of baseline night, applied CPAP

pressure of CPAP night, age and body mass index

Parameter 58P ~DBP

Non-REM REM Wake SPT Non-REM REM Wake SPT
RDI 0.22 0.18 0.58 0.19 -0.13 -0.43 0.04 -0.13
Mean SaO: —0.08 0.09 -0.29 —0.02 0.22 0.65 0.18 0.22
TWT% —-0.16 0.28 —0.46 -0.21 —0.52 0.06 0.87** —0.52
CPAP pressure 0.07 0.21 0.11 0.09 —0.10 -0.14 —0.15 —0.10
Age —-0.19 0.00 —-0.30 —0.29 —0.64* —0.28 —0.80** —0.64*
BMI 0.02 0.05 0.49 0.05 0.12 —0.47 0.31 0.12

* 1 p<.05, ** : p<.01, RDI : respiratory disturbance index, SaO: : arterial saturated oxygen level, BMI : body mass index (kg/m2)
TWT% : total wake time% ([total wake time/time in bed] X 100), CPAP Pressure : applied CPAP pressure of CPAP night (cmH20)

SPT : sleep period time
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