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The purpose of this study was to investigate the relationship between excessive daytime
sleepiness (EDS) and blood pressure (BP) in patients with obstructive sleep apnea-hypopnea
(OSAH). Patients were classified into four groups based on their severity of polysomnographic data:
the snoring group (n=108)—characterized by Apnea-Hypopnea Index (AHI<5); the mild OSA
group (n=186)—AHI 5<AHI<15; the moderate OSA group (n=179)— AHI 15<AHI<30; and the
severe OSA group (n=233)—AHI=30. On the same night of polysomnography (PSG), BP levels were
measured before sleeping (bedtime BP) and immediately after waking up on the following morning
(morning BP). EDS was recognized as ESS (epworth sleepiness scale)=9. The differences and
correlations between BP and PSG parameters in the EDS and non-EDS groups of OSAH patients
were analyzed. MAP was positively correlated with BMI, AHI, and total arousal (r=0.099, r=0.142,
r=0.135, p<0.01, p<0.01, p<0.01), while negatively correlated with mean Sa0, (r=—0.258, p<
0.01). The EDS group had overall younger population (47.2+11.3vs 50.3+11.4, p=0.023), higher
DBP (both bedtime and morning, 83.1+9.7 vs 81.4+8.8 and 86.4+9.2 vs 83.6+9.7)(p=0.031,
£=0.047), and higher SBP (both bedtime and morning, 126.7+11.2vs 123.4+12.4,128.9+12.4
vs 125.3+12.9)(p=0.021, p=0.021) than compared with the non-EDS group. In hypertensive
OSAH patients, patients with EDS were also younger and had higher total arousal number, as well
as higher morning and bedtime DBP and SBP than compared with the non-EDS group (p<0.005,
£=0.008, p<0.001 and p<0.001). EDS in OSAHS patients is a special phenotype characterized by
younger age, higher DBP, more severe desaturation, and hypertension.
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Table 1. Characteristics of subjects according to AHI grading

Snoring (n=108) Mild (n=186) Moderate (n=179) Severe (n=233)

(mean+SD) (mean+SD) (mean+SD) (mean+SD) pvalue
Age (years) 451+11.3 50.1+11.3 51.1+10.9 50.7+11.4 <0.001
NC (cm) 36.5%£3.2 38.2*+3.4 39.0+4.2 40.9+3.1 <0.001
BMI (kg/mz) 24.0+3.0 24.7%2.9 25.8%+3.1 27.2+3.7 <0.001
ESS (points) 81x4.7 87x4.7 9.2+5.0 9.6%5.0 0.036
AHI (events/h) 21+1.4 9.3+29 22.2+43 49.7%£16.0 <0.001
Lowest SpO; (%) 89.7+3.7 85.4+4.4 81.2+50 74.4%95 <0.001
Total arousal number 113.7£47.6 130.5+46.0 162.1+£50.6 256.3+x91.6 <0.001
ODI (events/h) 1.9+19 8.4+45 20.0x7.1 46.5+16.6 <0.001
Bedtime SBP mmHg 123.5£11.6 125.4%£10.6 127.1+£10.9 129.8+12.9 <0.001
Morning SBP mmHg 124.0£10.6 126.6+10.9 128.6+10.6 133.8%£14.6 <0.001
Bedtime DBP mmHg 81.2+8.2 81.5+9.3 83.1+£8.4 85.8+9.7 <0.001
Morning DBP mmHg 83.1+8.7 84.5+8.2 86.2+8.3 89.8+10.4 <0.001
Bedtime MAP mmHg 95.3+8.7 96.1+£8.9 97.8+8.4 100.4+£9.9 <0.001
Morning MAP mmHg 96.7+8.6 98.6£8.4 100.4+8.2 104.5+10.9 <0.001

*p-value was calculated by ANOVA.
Abbreviation: AHI, apnea hypopnea index; SD, standard deviation; NC, neck circumference; BMI, body mass index; ESS, epworth sleepiness
scale; Lowest SpO,, lowest saturation (%), ODI, oxygen desaturation index; Bedtime SBP, bedtime systolic blood pressure; Morning SBP,
morning systolic blood pressure; Bedtime DBP, bedtime diastolic blood pressure; Morning DBP, morning diastolic blood pressure, Bedtime

MAP, bedtime mean arterial pressure; Morning MAP, morning mean arterial pressure.

Table 2. Demographic, polysomnographic and blood pressure
pattern in OSAHS patient's with different phenotype of EDS

Table 3. Demographic, polysomnographic and BP data for EDS
versus non-EDS in patients with AHI=15

EDS (ESS=9) non-EDS (ESS<9)

EDS (ESS=9) non-EDS (ESS<9)

(n=370) (n=336) pvalue (n=209) (n=203) p-value
(mean+SD) (mean+SD) (mean+SD) (mean+SD)
Age (years) 47.2+11.3 50.3%11.4 0.023 Age (years) 48.4+11.4 51.4+11.0 0.024
NC (cm) 39.1£35 39.0£4.0 0.696 ESS (points) 13536 5.4%2.0 <0.001
BMI (kg/m?) 25.8+3.6 25.6%33 0.401 AHI (events/h) 38.6%£18.6 37.0£183 0.675
ESS (points) 13.2+3.6 5.3%2.1 <0.001 Lowest SpO2 (%) 76.7%9.2 78.0x7.7 0.083
AHI (events/h) 26.5%£21.5 23.4+20.4 0.214 Bedtime DBP mmHg 84.7+£9.4 82.5+9.1 0.021
Lowest SpO2 (%) 80.6+9.3 82.0+79 0.040 Morning DBP mmHg ~ 88.5+9.3 84.0£10.1 <0.001
Total arousal number 186.0£94.1 172.3£81.6 0.016 Bedtime MAP mmHg  99.3£9.0 95.4+9.7 0.012
ODI (events/h) 24.0+20.6 22.0+20.2 0.465 Morning MAP mmHg ~ 102.9%£9.9 98.5+10.3 <0.001
Bedtime SBP mmHg  126.7%£11.2 123.4+12.4 0.021 *pvalue was calculated by T-test
N\ormng SBP mmHg  128.9:12.4 1253%12.9 0.021 Abbreviation: BP, blood pressure; EDS, excessive daytime
Bedtime DBP mmHg ~ 83.1+9.7 81.4+88 0.031 sleepiness; Mean*SD, mean standard deviation; AHI, apnea
Morning DBP mmHg ~ 86.4%9.2 83.6%9.7 0.047 hypopnea index; ESS, epworth sleepiness scale; Lowest SpOa,
Bedtime MAP mmHg  97.6%£9.3 95.1+9.3 0.069 lowest saturation (%), ODI, oxygen desaturation index; Bedtime
Morning MAP mmHg  100.6+9.4 98.8+10.1 0.061 DBP, bedtime diastolic blood pressure; Morning DBP, morning
diastolic blood pressure, Bedtime MAP, bedtime mean arterial

*p-value was calculated by T-test. pressure; Morning MAP, morning mean arterial pressure.
Abbreviation: OSAHS, obstructive sleep apnea hypopnea

syndrome; EDS, excessive daytime sleepiness; Mean%SD, mean
standard deviation; NC, neck circumference; BMI, body mass
index; AHI, apnea hypopnea index; ESS, epworth sleepiness scale;
Lowest SpO,, lowest saturation (%), ODI, oxygen desaturation
index; Bedtime SBP, bedtime systolic blood pressure; Morning
SBP, morning systolic blood pressure; Bedtime DBP, bedtime
diastolic blood pressure; Morning DBP, morning diastolic blood
pressure, Bedtime MAP, bedtime mean arterial pressure; Morning
MAP, morning mean arterial pressure.
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Table 4. Demographic, polysomnographic and BP data for HTN
versus non-HTN in patients with EDS

EDS (HTN)  EDS (non-HTN)
(n=140) (n=230) p-value
(mean+SD) (mean=SD)
Age (years) 54.8+9.2 46.7€11.3 <0.001
ESS (points) 13.9+3.8 12.9+3.4 0.018
AHI (events/h) 31.7%23.2 24.10%20.3 0.004
Lowest Sp0, (%) 78.9+10.0 814+88 0.027

Bedtime SBP mmHg 132.6%£12.6
Morning SBP mmHg  134.7+13.0

125.0£11.6  <0.001
126.8+12.2  <0.001

Bedtime DBP mmHg  85.3%+8.7 82.6+8.7 0.008
Morning DBP mmHg 88.8+9.8 85.6+9.5 0.005
Bedtime MAP mmHg  101.8+9.7 96.4+8.8 <0.001

Morning MAP mmHg  104.9+10.0 99.1+9.2 <0.001

*p-value was calculated by T-test.

Abbreviation: BP, blood pressure; HTN, hypertension; EDS,
excessive daytime sleepiness; Mean*=SD, mean standard
deviation; AHI, apnea hypopnea index; ESS, epworth sleepiness
scale; Lowest SpOz, lowest saturation (%), ODI, oxygen
desaturation index; Bedtime DBP, bedtime diastolic blood
pressure; Morning DBP, morning diastolic blood pressure,
Bedtime MAP, bedtime mean arterial pressure; Morning MAP,
morning mean arterial pressure.
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Fig. 1. Scatter plot showing relationship between MAP and (A) AHI, (B) total arousal, (C) BMI, (D) mean SaO..
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