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The Effect of Insomnia Severity on Daytime Sleepiness
in Obstructive Sleep Apnea Syndrome

A A - AR - uh R

Ji-Won Nam', Byoung-Hak Shin’, Hyeon-Sil Shin’, Minji Park’

m ABSTRACT

Objectives: Whether daytime sleepiness is proportional to the severity of sleep apnea in obstructive sleep apnea syndrome
(OSAS) is controversial. In this study we investigated how insomnia severity affects the association between daytime sleepi-
ness and sleep apnea severity in OSAS.

Methods: The present study included 235 male subjects who were diagnosed with OSAS based on clinical history and noctur-
nal polysomnography. Pearson’s correlation analysis was conducted among sleep and mood-related self-reported data, polysom-
nographic data and demographic data of all subjects. Based on Pittsburgh Sleep Quality Index (PSQI), the subjects were divid-
ed into 2 groups; group A (n = 75; PSQI <5) and group B (n = 160; PSQI > 5). Partial correlation analysis was performed
between the Epworth Sleepiness Scale (ESS) and other data in both groups. Multiple linear regression analysis was conducted
to investigate the factors which affected the ESS in group A.

Results: Pearson’s correlation analysis showed weak or non-existent correlations between ESS and apnea severity data such
as apnea-hypopnea index (AHI) (r = 0.148, p = 0.023), apnea index (Al) (r = 0.137, p = 0.036), hypopnea index (HI) (r = 0.058,
p = 0.377), oxygen desaturation index (ODI) (r = 0.149, p = 0.022) and arousal total index (ATI) (r = 0.129, p = 0.048). Positive
correlations between ESS and apnea severity data such as AHI (r, = 0.313, p = 0.008), Al (r, = 0.339, p = 0.004), ODI (r, =
0.289, p = 0.015) and ATI (r, = 0.256, p = 0.031) were observed only in group A. Multiple regression analysis showed that Al (t =
2.996, p = 0.004) and BAI (t = 2.721, p = 0.008) were associated with ESS in group A.

Conclusion: The correlation between daytime sleepiness and sleep apnea severity was shown only in group A. This result sug-
gests that associations between daytime sleepiness in OSAS and sleep apnea severity will become prominent when control-
ling for insomnia-related variables. Sleep Medicine and Psychophysiology 2015 : 22(1) : 11-19
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t}H(AlGhani 2008). OSASS] A2 =& H7sh7| ¢}
o4t A AHnocturnal polysomnography ; ©|3}
NPSG)ZE A|8)5to] 42HE 5 5% 4=(apnea—hypopnea index,
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O, AR Algsk=d] Q1o At Bl-8-2] A7 Slek
S 71 E51A OSAS BAbE0] Zaxsh, 544
ZYo|tH(Krieger 5 2002). OSASS] A1 Z1%=
= AR o R FUHEHY AEE B
ok, FHEYL dubE o2 0SASS) Az}
= 4l5lthGottlieb 5 1999). FHEHS S5t
) A2 A & (Epworth sleepiness scale, ©]3} ESS)
B7t Eqtehes Fol Yol Hollem(Johns 1991),
P7HE A g Ale] 7] wiiZell vl-§a} AJte] o] 54
| Atk
Z A} OSASS] A2 %=7} Hldsk A= b=t
002). Han “5-0] A48}l dAtoll A e g
AlYgt At FHEHS 346k &7t OSAS
= Uet= AHIC = d3to] =2 9L mj=H 1
Z]4=(Pittsburgh sleep quality index, ©]3} PSQI),
= (Beck depression inventory, ©]3} BDI), Hl&-213]
%= (Beck anxiety inventory, ©|3} BAID) 59| =9} d3to]
U= AL R YERstth(Han 5 2011).
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Z o9 A7 WA ok wiiZel & AtolA= A¥

O] HQlE Eol7] flalA tdAE Frdoll =3tstaiTh.
olF- o5 TS F o= Witk PSQIZE 57 ©]
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2, it g
e A, o]y AAE Fote] 9, Y, 84 71, =
FA, A% X 4=(Body mass index, ©|3} BMI), 15 H &

59 eltskA A= E Ait ESS, PSQI, BDI, BAI, Profile
of mood states(¢]3} POMS), o} & -#¥ & 2 = (Morning-
ness—eveningness scale, ©|3} MES) 52 =¥ & 7] & ¢
AZHR AT E A EHIT

S AAARE $151¢] Embla N7,0002+ Embletta A10
(Somnologica & Embla, Medcare-Flaga Co., Iceland)<
o]-g5tlrh. =3 W 771 ARAE AEst,
Zt& A= (electrodes) ™ 747 (sensors) 5 ARSI A
2Fsteict. HIHEEG), FHE(EOG), A =(EMG), A
% (Iimb movement), A ¢ (body position), A A E(ECG), &
5.2 (breathing sounds), H]&7] EE(nasal airway flow), &

-2 (chest movement), H-5-35(abdominal movement)

2231 EF Aba 28 (finger oximeter) 5 578 8FATH
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Y401 =z Hé‘E(plezo belts) = AFE3IITE 271552 =43 wave sleep) (min), @SH(REM) (min), ZH4 (wake) (min),
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Table 1. Demographic data, Questionnaire scores & Polysomnographic data (mean + SD)

Variable All subjects (mean + SD) Group A (mean + SD) Group B (mean + SD) p-value*
n 235 75 160
Age (years) 40.5 +10.8 39.7 £11.3 40.8 + 10.5 0.333
Systolic BP (mmHg) 131.3 £ 10.8 129.1 + 10.9 132.4 + 10.6 0.830
Diastolic BP (mmHg) 86.4 +11.2 84.0 + 10.6 87.6 £ 11.3 0.814
BMI (kg/m?) 26.6 £ 3.4 263 £ 3.3 26.8 + 3.5 0.588
ESS 9.4+ 47 8.1 £ 5.1 10.0 £ 4.4 0.080
BDI 5.6 £52 43+ 48 6.2+ 52 0.177
BAI 59 + 6.6 4.1 + 4.7 6.7 +7.2 0.001
PSQI 7.0 £ 3.0 40+ 1.1 84+ 25 < 0.001
POMS 31.7 £ 254 258 £ 22.9 34.5 £ 26.2 0.236
TIB (min) 414.8 = 46.0 414.6 + 46.3 4148 + 46.0 0.923
SPT (min) 400.2 + 47.3 400.6 + 46.6 400.0 + 47.8 0.684
TST (min) 361.3 = 60.7 364.8 + 55.6 359.7 + 63.0 0.461
SL (min) 14.9 £ 18.6 140 £ 16.2 153 £ 19.7 0.222
SE% 87.3 £ 122 88.2 £ 10.4 86.9 £ 13.0 0.135
S1 (min) 72.1 £ 53.5 74.6 £ 59.9 70.9 + 50.3 0.098
S2 (min) 178.0 = 54.4 173.0 = 44.5 180.3 + 58.5 0.008
SWS min) 43.4 + 33.5 44.5 + 32.3 42.9 + 34.1 0.418
REM (min) 67.7 = 30.8 72.9 £ 32.8 65.2 £ 29.5 0.368
Wake (min) 39.4 + 50.1 35.7 £ 44.7 41.1 £ 52.5 0.221
S1% 17.8 £12.5 18.5 = 14.4 17.5 £ 11.6 0.097
S2% 47.3 + 44.4 43.4 £ 10.8 49.1 £ 53.2 0.223
SWS% 10.9 = 8.1 11.3 £ 8.0 10.8 + 8.2 0.271
REM% 16.9 +7.5 182 +7.9 16.3 + 7.2 0.147
Wake% 9.7 £12.0 8.7 £ 10.0 10.2 + 128 0.163
AHI 33.2 + 23.3 27.8 £ 22.7 35.7 £ 23.2 0.478
Al 25.3 £ 22.5 21.6 = 22.0 27.0 £ 22.5 0.567
HI 79 + 64 6.2 + 5.1 8.7 £ 6.9 0.024
ODI 30.5 + 23.7 248 + 22.7 33.2 + 23.8 0.434
Snore (min) 86.9 + 67.9 87.2 + 63.7 86.8 + 70.0 0.232
Snore% 24.0 + 18.1 24.4 + 17.5 23.9 + 18.4 0.460
LM 42.4 + 70.5 41.1 £ 69.8 43.1 £ 71.1 0.855
Average SpO2 94,6 £ 2.4 949 £ 2.5 944 £ 23 0.869
Arousal Total Index 25.0 £ 19.4 21.2 £ 15.6 26.7 + 20.8 0.010

* . By t-test : Statistical significance (p < 0.05). Group A: Obstructive sleep apnea syndrome (OSAS) patients without insomnia
(Pittsburgh sleep quality index (PSQI) < 5), Group B: OSAS patients with insomnia (PSQI > 5). BP : blood pressure, BMI : body mass
index, ESS : Epworth sleepiness scale, BDI : Beck depression inventory, BAl : Beck anxiety inventory, PSQI : Pittsburgh sleep quality
index, POMS : profile of mood states, MES : Mornigness-eveningness scale, TIB : time in bed, SPT : sleep period time, TST : total
sleep time, SL @ sleep latency, SE : sleep efficiency, S1 : stage 1 sleep, S2 : stage 2 sleep, SWS : slow wave sleep, REM : rapid eye
movement sleep, AHI : apnea-hypopnea index, Al : apnea index, HI : hypopnea index, ODI : oxygen desaturation index, LM :
leg movement
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2(SWS) (%), A+HEE(REM) (%), ZHdE-E(wake) (%),
AHI, £33 & *]4>(apena index, ©]3} Al), AZ5X|5=(hypop-
nea index, ©]3} HI), Ak4
index, ©]3} ODI),
(%), TH] &2 (leg movements), &2Hd A|<=(arousal total
index, °|3} ATD 59 =H&H X45S American Acad-
emy of Sleep Medicine (AASM) Manual2 <72 2435}
Ak(Silber 5 2007).

EFZ 512 (oxygen desaturation

FZ0](snore) (min), Z&O]FE(snore)

3.HO|E M Y &4

2 Aol A= SPSS &A =2 T (SPSS Windows, 17.0,
SPSS Inc, Chicago, 1L)= ©]-8-5}¢] Z}E.E BAstech A
ARTE o R A 9 7)E B ARy

=, SRS, Q178 HE 2ho] ofwgt Qleky

JQ r‘l>‘ _[Nf )qJ:I

o] hEAE Fotuy] 9fste] TS AL
Al ZS £82 e So||l= = o] 4 9 7| & 3 27}
RUAE SHchAAAR] S, o1 GtEk2] Hw 7k xko] 7} Q)

A LolH 7] Y5t t-testE AlW}GT), o] & AojHER
BDI, BAIS AAsta 2+ o4 ESSe} 4w
A7 R A E ol tetd] A SHTHFLAAA S S SHE
59| Azt o] gl A4==(AHI, Al HI, ODI, ATD)
7ro] AAATAARAE shaleh. nhAwe 2 PSQI A5

Batel Wirst BuiZo] glrky A7 B ATOIA 2
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Table 2. Pearson’s correlation coefficients in all subjects

ool 7] 9J5f ESSo] thal of

AN=
E’
FaARAS Alfgﬁ}%‘ii}. BE BH0A] G2, pake]
0.05 HI7H] 498 £2l9 A o= Berahelc,
z o

AR RS Hat AP 405 + 1084, £=7] B
2 131.3 + 10.8 mmHg, ©]&7] @42 864 + 11.2 mmHg,
BMI= 266 + 3.4 kg/m’, W59 14.8 + 2.7 0]t}
AL8HA Apm o A A} Bt Abolof] §-215F Afol= ¢lgl
c}, AA oA ESSE 94 + 4.7, BDI= 56 + 52, BAI=59 +
6.6, PSQIE= 7.0 + 30, POMSE 31.7 + 2542 =4 %|9]c},
T 9 7R W AR E g S BAI (p = 0.001) #E
o] A} B Atolofl A §-2J3k Zpo] & H.¢lrh NPSG 2t
= AT B AtelolA] 28 Al=1 AlZHp = 0.008), HI (p =
0.024), ATI (p = 0.010) FFe] %-2J8t xFo] & H Y cHTable 1).

AA A Ao R o TR A3 3 BSSF
9 78 i AR IAE Q1 A HThY
A & FHFEEY] Azl Ho] ol Al 11
FHAE Table 20 7153t BAI (r = 0363, p < 0.001),
PSQI (r = 0.306, p < 0.001)+= ESS9} =215k oF4] A&7
£ o] F= A& gelsk 4= 91%1aL, BDI (r = 0.194, p = 0.003)

L=
T BaE] 2 AAIE EATH 18y ESSe T

BDI BAI PSQl POMS MES Age SBP DBP
ESS r 0.194 0.363 0.306 0.144 —0.041 0.085 0.088 0.080
p 0.003 0.000 0.000 0.027 0.533 0.196 0.178 0.220
Education BMI AHI HI oDl ATl
ESS r —0.032 0.083 0.148 0.137 0.058 0.149 0.129
p 0.628 0.203 0.023 0.036 0.377 0.022 0.048

ESS : Epworth sleepiness scale, BDI :

Beck depression inventory, BAI :

Beck anxiety inventory, PSQI : Pittsburgh sleep quality index,

POMS : profile of mood states, MES : Mornigness-eveningness scale, SBP : systolic blood pressure, DBP : diastolic blood pressure,

BMI : body mass index, AHI :
ATI : arousal total index

Table 3. Partial correlation coefficients adjusted by BDI & BAI

apnea-hypopnea index, Al : apnea index, HI :

hypopnea index, ODI : oxygen desaturation index,

PSQI POMS MES Age SBP DBP Edu BMI AHI Al HI ODI ATl
Group A
ESS o 0.185 -0.153 0.153  0.155 0.057 0.117 0.054 0.143 0.313 0.339 -0.073 0.289 0.256
o} 0.122 0.204 0.203 0.197 0.637 0.330 0.658  0.235 0.008 0.004 0.543 0.015 0.031
Group B
ESS 1o 0.133 0.203 -0.115 0.077 0.086 0.049 —-0.029 0.032 0.058 0.041 0.065 0.068 0.051
o} 0.098 0.011 0.155 0.344 0.289 0.543 0.722  0.6%96 0.475 0.613 0.424  0.399 0.529
Group A: Obstructive sleep apnea syndrome (OSAS) patients without insomnia (Pittsburgh sleep quality index (PSQI) < 5), Group
B: Obstructive sleep apnea syndrome (OSAS) patients with insomnia (Pittsburgh sleep quality index (PSQI) > 5). ESS : Epworth

sleepiness scale, BDI : Beck depression inventory, BAI :
file of mood states, MES : Mornigness-eveningness scale, SBP
mass index, AHI :
fotal index

Beck anxiety inventory, PSQI :
. systolic blood pressure, DBP : diastolic blood pressure, BMI : body

apnea-hypopnea index, Al : apnea index, HI : hypopnea index, ODI :

Pittsburgh sleep quality index, POMS : pro-

oxygen desaturation index, ATl : arousal



59 A7t S YEeh= A= AHI (r = 0.148, p = 0.023),
Al (r = 0.137, p = 0.036), ODI (r = 0.149, p = 0.022), ATI (r =
0.129, p = 0.048) Atololl= m|efgt AdhtAvto] 91%1aL, HI
(r=0.058, p = 0.377)%}= FHBA S HolA| Fadrt.

A3} Batol| Al Alddeh HAIA| B4 23S Table 3
o 7143k} ESS@H AHI (1, = 0.313, p = 0.008), Al (1, =
0.339, p = 0.004) 7ol =53k A AFWA7F ek,
ESS} ODI (1, = 0.289, p = 0.015), ATI (r, = 0.256, p =
0.031) 7rolle A AZgdA7E B2= ek (Figure 1). B
o Al= ESSet FHFEEE O A Y= A4 7
Fogt A A= JEhA] gkt

™ =S o 4= QI ATHESS = 5.013 + 0.071*Al + 0.332*BAl).

2=zt vl st=A] ol o5l
o]&£o0] Qlojgktt. Wisconsin Sleep Cohort Study
o A= AHIZ} 5 o]AFQl 3} 5 njuhel o] F71&e o] &
TE sk, AHIZES oAl 2] B2l 9= 16%,
o]l A= 23%7F AUl 24 ol FEHEE 24
SF 9bH AHIZE S m|9kQl 319) B2 3%, 917442 10% Wto|
HEHS A5 tHYoung 5 1993). Sleep Heart Health
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Table 40ll= AT-oll A THAI A B (step wise) Bl ok Study Aol %= AHI Z7Fghe] uhel ESS7) S718tch=
O3S Aldet 218 7)sstoich & v 2y °ﬂ QJJE R AHGottlieb 5 1999). L&} & Ao Al thAt
A folehE 0001 v]THE Hol BALOR GOBtAT, R F AAE AOR SeyduEas Ag duks 3
W2 0.2070]81t). o5 F3 ESSO| WE Al (t = 2.9%, & A7A=9 Add v = $=7h533 OSAS 9] 4
p =0.004), BAI (t = 2721, p = 0.008)ll &3l 20.7% &= 4 ZI&= Afolo] F-23k A BA7) Y= A4S I & 4= U
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0 : . : - . 0 . .
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Figure 1. Partial correlation coefficients adjusted by BDI & BAl in Group A : There are positive correlations between ESS and AHI (p =
0.313, p = 0.008), Al (p = 0.339, p = 0.004), ODI (p = 0.289, p = 0.015), and ATl (p = 0.256, p = 0.031). ESS : Epworth sleepiness scale, AHI :

apnea-hypopnea index, Al : apnea index, HI :

hypopnea index, ATl :

arousal total index, Group A : Obstructive sleep apnea syn-

drome (OSAS) patients without insomnia [Pittsburgh sleep quality index (PSQI) < 5].
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Table 4. Associations of ESS with other variables by multiple linear regression analysis in group A

Table 4-1. Model summary (dependent variable : ESS)

Model R R square Adjusted R square Standard error of the estimate
1 0.351° 0.123 0.111 4.6781
2 0.455° 0.207 0.185 4.4804

a : Predictors : (constant), Al, b : Predictors : (constant), Al, BAI. ESS : Epworth sleepiness scale, Al : apnea index, BAI : Beck anxiety

inventory

Table 4-2. Coefficients (dependent variable : ESS)

Unstandardized coefficients

Standardized coefficients

Model t Significance
B Standard error Beta
(constant) 6.116 0.769 7.957 0.000
Al 0.078 0.025 0.351 3.163 0.002
(constant) 5.013 0.840 5.966 0.000
2 Al 0.071 0.024 0.321 2.996 0.004
BAI 0.332 0.122 0.291 2.721 0.008

ESS : Epworth sleepiness scale, Al : apnea index, BAI : Beck anxiety inventory

Holth= 21 B A tH(Kingshott 5 1998 ; Young 5 2002).

A& PSQI gl whet 7 2.2 Ue $-ofl BDI9F BAI
£ AlojHer At BT £45 AldskaleTl,
ol MA Atoll A FXHER o] B9t W 2 AEdS

Kol AL IAR 39 tH(Han 5 2011). B3 thA+ AAS

p < 0001)7} F3igt oF 4 AgTAIE Holal BDI (r = 0.194,
p = 0.003) %= F3FA|TE F2 AFTAE Ho] Aoj 4H
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OSAS A=A & o] WAsk= Ylof tisA+=

o}2] PeslA WE A A= kst AJ4kaF 2 Greenberg
% 1987 ; Orr 5 1979 ; Sink % 1986) 4% 74 (Bennett
S 1999 ; Roehrs 5 1989 ; Roth & 1980 ; Stepanski &
1984)0] 75/ o & AA =L Qltk OSAS EAtollA F35
S Az go] yepd o, 21 F= A7)0l 1204 102 Afe]
o] -0 y|ulA| 9] Z+FA (electroencephalographic arousals)
o] HHAYsl=t]| o] & QlIsto] =1 A o] YehdtH(Roehrs &
1989 ; Roth & 1980). o|2|gt =H 42 +HO| AHAS
Wafskal, s 55k 9 29 35S Wefeteh, 12U Orr
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