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[ Abstract] Objective To explore the effect of objective sleep quality on cardiac autonomic function in patients with obstruc-
tive sleep apnea (OSA). Methods A total of 3442 subjects suspected of OSA were enrolled. Sleep parameters were obtained
through polysomnography. Cardiac autonomic function was evaluated using heart rate variability ( HRV) indicators, Multiple linear
regression analysis and mediation analysis were employed to clarify the associations and action pathways. Results  The severity of
OSA was classified into four categories. Among the 3442 subjects, 616 cases were normal. There were 527 cases with mild OSA,
547 cases with moderate OSA and 1752 cases with severe OSA. With the increase in OSA severity, the proportions of sleep stages 1
and 2 and the microarousal index (MAT) increased, while the proportions of slow-wave sleep and rapid eye movement (REM) sleep
decreased. The mean heart rate (MEANHR) and low frequency/high frequency ratio ( LF/HF ratio) also elevated. The standard
deviation of normal-to-normal intervals (SDNN) in severe OSA group had statistically significant differences compared with the other
groups. Multiple regression analysis showed that the proportion of REM sleep was independently negatively correlated with MEAN-
HR. The proportion of sleep stage 1 was independently positively correlated with LE/HF ratio. MAI was independently positively cor-
related with SDNN, and the apnea-hypopnea index ( AHI) was significantly associated with MEANHR, LF/HF ratio and SDNN, all
three HRV indicators. Mediation analysis confirmed that objective sleep quality was an important mediator in the association between
AHI and HRV indicators. MAI had the strongest mediating effect (accounting for 74. 85% of the total effect) , followed by the pro-
portion of REM sleep (2.75% ) and sleep stage 1 (7.08% ). Conclusions Objective sleep quality in patients with OSA declines
as the severity of OSA increases. Elevated MAI is the most significant mediator of cardiac autonomic function impairment. The treat-
ment of OSA needs to simultaneously improve the hypoxia and sleep quality.
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HL IR L4 O L AR5, 3 3R AT 2% B B
S0 HEAFBEIR AR G S 2 T PSG I AT 521K
RN TP RARTI SR AE 5 min SRARATAE 500 Hz (1
TR0 HIE, 4 ARTIFACT 3.0 J P45 & AN T4
IEPh 225 ST HRY #5845
1.2.2 ZWitsiE  RIZESIEE X &% T E bR
e 2y Y a7 I (Y i =140 mmHg &7 5K
J£ =90 mmHg SCIEAE FHER25Y)) ; Qi & (fAE
FEE BMIL =25 kg/m®) ; @) I W ( %5 16 1B = 6. 1
mmol/ L BCA A B s S TR 259 ) s @ H ik
Mg =1.7 mmol/L H 55 M =5 % FE Bg & 1 0[] e
(HDL-C) <0.9 mmol/L, Z P <1.0 mmol/L; ® IfiL A5
SR CEBHEEE =5, 17 mmol/L K% i i 2 11 IH[#
fi£ LDL-C=3. 33 mmol/L 5 H 1 A-I<1. 2 ¢/L %
B M B>1.1 ¢/L 2 E&EH E>0.05 g/L mi <
0.03 g/L JIEEH (a) =0.3 g/L) . B Z BT
RS AR PPAR R 5 R ACHTHE £ (HOMA-IR ) 1153 . %8
HE LY B 28 (U ml) x5 BB (mmol /L) /22. 5,
1.3 REzSERENSE KIELKEEZ 3
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gen desaturation index , ODI) % X A4 /)N i HIG H 1L
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RR [A]}] ( median RR interval, MEDIANRR) #H % iE
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cessive differences, RMSSD) AH&RIE & O a1 2 (E
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L5 StERE Ao PR SPSS 20.0
GETF AL B TR S O3 A B DS B v 22
FOR, MBI M(Q1,Q3) Fr, 43 K5
VNE A bR R4 53 4 FRAF , R Kruskal-
Wallis H 556 5K 28 75 22 53 B | Fisher 4 5 6 56 5
X* R H LEFC U 2 OSA J™ H 7 i A8 5 Y B R ARPAIE
ST MR AL PEIZ2 W A Spearman AH 1 43
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BT i ok A it (8] Z2 7 L2 M 51 Bk o 32 A oG A8 o D
ke 2 T4, L MEANHR LF/HF ,SDNN =
Wik 2 HRV $845 0 45 Jm 28 it Sk 2 008 2 2tk
] 5 53 B 5 % 00 B BIG Z: 40, AHT 5.0 E A Fp2
Ly ReFE b5 i b 37 SC B, M IE AR I PR 1] BMI, %5 i
0 1 [ WA & S & T R S S b |
HR A B8O A3 AT R 56 2% O B B 5 £ AH D& F8 AR 7E AHL
5 HRV #8br B By i e EHT . P<0.05 225

CENIE -
2 #R

2.1 WAEXMSEIFME AT A 3442 B Z ik
HORAE OSA JTEFERE /- Kb, Hoh AHI=5 3
2826 14l (82.10%) , 59E OSA AFEAH L, OSA =8
R, 55 B 491 0 A 8 A, S R R S A A
HARR (BML, 5 F IR ) s s ol =
JE | MW K g 5% 2 7K ST 88 ey, W AR R RO & AR Al
MR, WE 1,

R1 AE O0SA EEREARIFMEN HRV SH LR

Hith =1 (mmol/L)
HDL-C ( mmol/L)
LDL-C( mmol/L)
HARHE A A-I(g/L)
HIgEH B(g/L)
FPEHE A E(mg/L)
fEEF (a) (g/L)
25 G 1MFE ( mmol /L)
R ZE (wU/L)
HOMA-IR

ERIEN

WARRA [ n (%) ]

1.12(0.74,1.65)
1.11(0.95,1.3)
2. 66+0. 82
1.11(0.97,1.28)
0.725(0.61,0.85)
3.93(3.23,4.74)
7.8(4.3,16.6)

4.99(4.6575,5.3025)

7.4(5.07,10)
0. 50+0. 67

143(19.9)
207(28.8)

1.42(1,2.08) "
1.05(0.92,1.23)
2.99+0.78 "
1.08(0.96,1.23)
0.83+0. 18
4.1(3.44,5.02)
7.65(3.9,17.2)
5.13(4.85,5.56) *
8.9(6.2,13) "
0.74+0.74"

206(33.3) "
225(36.3) "

1.61(1.14,2.275) **
1.02(0.91,1.185) **
2.94(2.475,3.5) "
1.07(0.96,1.23) *
0.81(0.71,0.955) "
4.315(3.5575,5.3225) **
7.2(3.7,14.29)
5.25(4.86,5.7975) **
10(7.27,15) **
0.92(0.51,1.34) **

231(38.2) **
245(40.5) **

ity 4k 0SA 4 (n=616) B2 OSA 41(n=527) HE OSA 41 (n=547) T OSA 41(n=1752)
AEIE () 37(30,47) 41(33,51) " 43(35,54) ** 43(35,53) ***
BE[n(%) ] 426(59.2) 456(74) * 488(80.7) ** 1706(88.2) **
BMI(kg/m?) 23.78(21.67,25.71) 25.15(23.31,27.43) * 25.99(23.98,28.40) **  27.68(25.64,30.02) **~
U (em) 36(34,39) 38(36,40) * 39(37,41) ** 41(39,43) **4
JE ] (em) 86(80,92.5) 92(86,97) * 95(90,100) ** 99(94,105) **4
&l (em) 96(92,101) 99(95,103) * 100(96,105) ** 103(99,108) *#4
545 1 ( mmHg) 120(112,126) 120(115,132) * 125(116,135) ** 127(120,138) **4
&1 7K £ (mmHg) 78(70,81) 79(71,85) " 80(72,86) ** 80(76,90) **4
A AR 5

SETE R (mmol /L) 4.34+0.93 4.71+0.87" 4.65(4.11,5.28) " 4.79(4.2175,5.4) ***

1.73(1.26,2.52) *#4
1.01(0.89,1.15) **2
3.05(2.53,3.56) “*°
1.08(0.97,1.21)
0.85(0.75,0.98) ***
4.47(3.68,5.63) **4
7(3.6,14.3)
5.415(5.02,6.02) “*4
12(8.8,18) *#4
1.13(0.72,1. 54) *#&

917(47.4) **4
932(48.2) **4

# 53E OSA 41 [b4E, P<0. 05 ;#5588 0SA 4L H#, P<0.05; A5 0SA 4l H#s, P<0. 05

2.2 A[E OSA EEREAMERSFERE &
OSA J™ H5 2 B 59 0, B B J&) 399 15 8] ( sleep period
time , SPT) \MAT 7 i B EF — B B o 1L | B HIR 565 — [y
B e T I S i 2 531 i A IR A R S i T

B[] ( wake after sleep onset, WASO) ‘12 i) B A% FlER
T HR B BEAR (rapid eye movement sleep , REM) f Fb 4%
TR M, Wk 2,
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R2 7TE 0SA =EEEARERIFIELLE
1B HE OSA(n=527)

WiH I 0SA(n=616)
AHI( ¥/ /N

R OSA(n=>547) T 0SA(n=1752)

1.7(0.6,3.1) 9.2(7,12.1) " 21.6(18.2,25.85) ** 58.3(44.3,70.725) **4

MAL( ¥R/ /N) 12.8(9.4,20.2) 18(12.6,26.1) * 23(14.85,31.15) ** 38.4(23.8,55.425) **4

LSp02( %) 93.5(91,95) 87(84,91) " 83(78,87) ** 72(63,79) **4
ODI( KR/ /Nt 1(0,3) 9(6,12) * 21(17,27) ** 56(42,71) **4
ESS 43 (43) 4(0,8) 6(3,10.5) " 6(3,11) " 10(6,14.5) **4
HIEHRE 275 49
SPT(min) 409.98(364.72,451.61) 415.57(368.43,457.92) * 419. 64(374.26,462.80) **  430.53(382. 17,470. 46) ***
WASO( min) 50. 88(22. 12,81.70) 46.28(19.44,69.02) * 44.20(17.81,74.56) **  30.75(12.38,51.16) ***
REM( %) 13.07(7.24,17.85) 11.81(6.73,16.42) * 11.68(6.31,15.87) ** 11.16(5.94,15.21) *#4

MR — B (%)
MEAREE B BE (%)
P MR (% )
# 5l OSA 41 LbAL, P<0. 05 ;#5565 OSA 21 LbAL, P<0. 05; A 5L OSA 41 L5, P<0. 05
2.3 A[E OSA =EREH HRV Stk 458  O0SA 41, SDNN 41 [A] 54 {k 22 53 3%, (B AN 17 78 bl
/% ,MEANHR \LF/HF 7EDU4H (8] 22 A5 Git2¢ 8 OSA P HFEE —En @ R AE L, L & 0SA 4
X, H#EJE OSA 241 MEANHR | LF/HF 7 F3F OSA %2 SDNN & FHA=4, W3,
JE PR OSA 41, 5% P OSA W45 A i TR
*3 AE0SA =EREH HRV SHLLR

BB 0OSA(n=527)

18. 18(12.41,24.36) 18.94(13.17,25.72) ©
52.08(44.63,60.87)

15.46(9.12,21.98)

19.71(13. 84,26.93) ** 22.38(15.46,29.74) **4

51.99(44.28,59.71) 52.62(45.17,61.94) * 53.77(46.32,63.15) **

15.96(9. 83,22.74) 14.25(7.96,20.33) * 11.16(5. 48,17.09) “**

4k 0SA(n=616) rFJE OSA(n=>547) ¥ 0SA(n=1752)

i3
MEANRR ( ms) 893.24+132. 87 879.34+130.62 868.65+123.21 °* 819. 83(746.21,905. 84) **~
MEDIANRR (ms) 900. 93+ 140. 47 888.89+138.42" 873.65+131.89 ** 826(750,916) ***
MEANHR (%/43) 67.532(61.44,74.06) 68.122(62.67,76.02) * 69.73(63.48,75.79) ** 73.19(66. 23,80. 40) **4
SDNN (ms) 67. 84(47.94,103. 46) 68.258(45.37,101.00) 66.30(45.80,99. 55) 76.96(54.19,104. 49) **4
RMSSD ( ms) 40. 10(26. 87,62. 11) 36.747(24.95,56.34) * 35.193(23.27,54.25) * 37.64(25.1065,56. 49)
NN50( %) 136(40,340) 111(33,288) * 109(28.5,268.5) " 135(42,276)
pNN50( %) 13.66(3.90,31.94) 10.95(3.02,27.71) * 10.26(2.60,25.84) * 12. 18(3.60,25.63)
B8
LF/HF 1.74(0.89,3.19) 2.00(1.06,3.29) " 1.91(1.10,3.27) * 2.54(1.53,4.12) ***
LF[n. u. ] 63.56(47.30,76. 18) 66.71(51.56,76.73) * 65.72(52.45,76.61) * 71.80(60. 51,80. 48) **~
HF[ n. u. ] 36.43(23.81,52.69) 33.29(23.26,48.43) " 34.27(23.38,47.54) " 28.19(19.51,39. 48) **~
VLF(ms?) 2201. 94(767.50,5503. 10)  2292. 11(810. 88,4957.80) 2215.33(880. 81,5280.95) 3226. 56( 1433.90,6352.20) **~
LF(ms?) 790. 36(296.49,2362.00)  819.48(302.07,1928.13)  764. 14(292.19,1873.41)  1089. 53(483. 67,2442.51) ***
HF (ms?) 527.42(231.73,1304.52)  463.51(216.38,1074.15) *  432.48(186.86,995.36) ©  453.81(194.48,983.46)

x 5HE OSA 4 AL, P<0. 05 #55J% 0SA 4HH#, P<0.05; A5 9% OSA 41 %, P<0. 05

2.4 EIRRES5=MARYE HRV SHHHEXE
AHIFFE R F 22 7032 A 2 M 101 U3 40, 88 T 4 A 2
FERNRI AR Wk 4, B 1 ALEARER BMI %5
M HDL-C \LDL-C  H il =g | - Y5 2 ik e 5 2 22
A, SR AR S ORISR A e, AR
A2 FEREAY 1 A i — 2PN AHL Fl MAT #54~
KA OSA MHKHEbr, IHIE S5 R W, BiR 1
REM /i lb5 MEANHR 2 2 37 £ M 2% ( P<0. 001 ) 5
MEARSS — [ B2 5 b 5 LE/HF 2007 IEAH 6 (P<

0.01) ; WASO 5 SDNN £ it 37 fi #H )¢ (P<0.01)
FERL 2 49 A AHI F1 MAI J5 , REM /5 b5 MEANHR
IR B A5G (P<0. 001 ) 5 BERR 25—V Bt 5 b 5
LE/HF B9 B A DGR SE A7 7E (P<0.01) ; MAL 5
SDNN £l 37 IEAH ¢ (B =0.129, P<0.01) , [A] A}
AHI 43 %] 5 MEANHR ( P <0.001) , LE/HF ( P <
0.001) B A7 IEAHIE, T WASO 5 SDNN FAH 5Pk
FERLHY 2 ORI



S HIBE Bl R 44k 2026 4F 9 H 55 23 B4 5 1)

67

®4 EBRREMAXIERRE 0SA XEIERS HRY RO MM S TESE TS

fE R R 2 B SE Wald X2 P OR 95%CI

A |
REM BEHR 5 (%) (45)7 : MEANHR) -16.067  3.209 25.07 <0. 001 6.87x107* 1.95%107'°~5.70x107°
REAR S — BT BL N L (%) (45)R: LF/HF) 1.443 0.416 12.03 0. 0005 4.233 1.873~9. 567
WASO (min) (45)5:SDNN) -0.227 0.053 18.34  0.000018 0.797 0.718~0. 884

A 2
AHI( YK/ /NI) (45 )7 : MEANHR ) 0. 095 0. 007 183.67  <0.001 1. 100 1.085~1.115
REM MR A7 . (%) (457 : MEANHR) -16.465  3.072 28.73 <0.001 7.07x107% 1.72x107'%~2.90x107°
AHI( K/ /NI ) (45 )7 : LF/HF) 0.012 0. 002 36.000  <0.001 1.012 1.008~1.016
RENREE — BT BL i L (%) (45 )% : LE/HF) 1.128 0.417 7.32 0. 007 3.090 1.363~7.011
MAI( IR/ /M) (45 )55 : SDNN) 0.129 0. 047 7.54 0. 006 1.138 1.038~1.248

2.5 EWEERFREZE AHI 5 HRV #Z0OF5 4R K BE
BRI R A o I A 2 U IR IS 3% = 7E AHIT
5 HRV #0485 (MEANHR . LF/HF ,SDNN) 5% Bk
A E R, AW R = 4 P A AR IR 0
g R AHI 5 REM 5 HE & 8 & M 6 (P<
0.001) ,REM i [t '5 MEANHR & % 2 i A )¢ (P<
0.001) , ¥l REM /7 HbJ5 AHI Xf MEANHR {754
FHBERUY (P<0.001) , I AR H A RO A 8500
2. 7506% ., AHI 5HEAREE — BBt L 2 I 35 1EAH
K(P<0.001) , HERRES — BBt i b 5 LE/HF 2 5 3%
IEAHSE(P<0. 001 ) , 425 il B HIR 55 — B Bt o U J AHIT

X LF/HF ) AR AT 2 3 (P<0. 001 ) , AR
BRI Y 7. 0847% . AHI 5 MAT & 3% F A%
(P<0.001), MAT 5 SDNN & B Z EAH X (P =
0.0081) ,#1 MAIL J5 AHI %} SDNN [ B #4544
PR3 (P>0.05) , iZ #4220 B 800 1Y
74.8531% , 0 = 25 B AR R dc i, K B MAL T 2
AHI 5200 SDNN ( BIASIE&ph 22 D BeFa bR ) B0 A
B, 1 REM (5 B R AR S — B B 7t 20 B 7E AHL
5 MEANHR \LF/HF {4 5GP 52 i 28 v S AR
FAER, WERS,

%5 AHI 5 HRV #0845 LBk v 2 W BE AR i 248 X HE AR A0 R T URL 53 47

BAz ST FrifEfe B R4 P
i 1 LE/HF 5 AHI AHSEVE > #r 0.0174 <0. 001
R A S — B BE 55 AHT AHSGPE 0T 0. 0009 <0. 001
LE/HF 5 BEAR 55— B BeAE G P43 BT (40 A AHI) 1.3697 0. 0003
LF/HF 5 AHI AHSCHEST BT (A0 A BERREE — B B ) 0.0162 <0.001
A% 2 MEANHR 5 AHI A1 561434 0.1024 <0. 001
REM 5 AHI #H3&ME 5 b7 -0. 0002 <0.001
MEANHR 5 REM AHCH 24T (45 A AHI) -14.0833 <0. 001
MEANHR 5 AHI #H5CH: 4347 (499 A REM) 0. 1002 <0.001
1% 3 SDNN 5 AHI A& H7 0. 0840 <0. 001
MAI 5 AHI #5547 0.4517 <0.001
SDNN 5 MAT AHSGHES3HT (1A AHI) 0.1392 0. 0081
SDNN 5 AHI AHXCHE A8 (44 MAT) 0.0212 0.5856
3 iTie TR HRE " o BEAh K DI RE IR 35 LA T RE A0

3.1 BREFMERRAES CADBXE O0SA 5
CVD FICBRAL T S . OSA 5 & Fl 48 M a] B 1k foke
SR CAD IWEZE RN R, K B A 258
etk Bk 228 A2 38R R Bl A% O JE 2%, T 4
S B, 8 T A G R T
FLEOR AT B 2 e TR IR R Bl
5 e AR PP PR B4 A B ) — AR TR i B 25 el A AR
PR BT, 1 — 20 ) 38 T 2 B Az 2 B 5, TR 0 ik
A AR ARG E M, IO KU IR ZE A Y
AR AT g Ao A S R L 3R 2 1 A8 B O
PGS S5 R R S R E O AL AR

JUE 9 3 e 2 ) 07 o T 5 SR e 20 O A B
LRI HRV SHCR w05 b IR IR
FEFRIG A RN 5 _EIRALHI AR R . L MAT &8
U AR A BEAL 25 5| 4 1 [R) A3 S5l b IR, T 2298
TG AC A 2| 0 R A SRR 2 e, L R A B
UESZX & T30 SDNN 5% 1A% 0 A 5 K 28 5 AN [) e
BB BEXT [ 320 22 (41 AR R 8 B IR, REM. B A
r7 AT 1) 3553 1) A2 TR 228 06 0 R ) T 47 B R 25 —
B B i o TH i I S e 28 2445, 40 1) G B MEAN-
HR F+& 5 LE/HF HfE B Fb, X Eeg5 B A58 T 0SA
FAIE O A A HL A, B AR T 2% 00 e AR o 2 1 A
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ST A AR Y B
3.2 OSABITHIHEXEE CPAP LA 0SA 1Y
VAT O, AT R OSA AER Y R A g
P MEAR T i b H R RE T H A
FHMPEAR T R4S CPAP JRYT B #IE B fE
FEIR AR DA IR OSA 8 A F iz Thie
5ROWREIR T 22 B R, FBE TGS, AR
Fim % 5 OSA M E A2 E JC &, Avlonitou 55 A9
fHF5E W7, Joie OSA J™EFE B 4], CPAP Y7 ) [
HAEAL S E B H H D RE R 25 T R 40 38 1) B AR P
W T4 A T AR IO ) R E R T g
H, CPAP 67 R AR A ESS BV B i
b AR 2 5 H ) o R AR G PR AR . AR DS — L
BABIAIT S CPAP (38 BT H , Bl B 45 44 A9 45035
FRER WL B2 R0 L, 385 B 7E CPAP 3R
I7JE A FE LTI RE A UL s | o0 I A5 R A
1S EA AT, TTRE S CPAP B4} OSA 5 & 1]
P Bl AR A A%, T 0T B B R = ) AR A R A
Ko TR AR R B Ak 1 150 AT BE AR R B T R
SCHE, AR, MAT FE b A R0 3858 19 48 A, 7T
TR AL OSA B IS KK, IF 5 AHT BEA
F, IS e b U5 B 2 D RS2 00 = fe AHE
3.3 WARBRME  FEAT LR IR, AT
FFFEE AL, A S T oA, BeAk, AHE
SEANAETE RLRZS TSI T HRV | A BEH 32 2] e AR 1
PR A BRI RE S A ARk, PR xE DL A ]
BEARAS (R B B () B T 22 52 KRR BE 5
AL RS I AR AS o AT N A 2 5 BT, D
AT IS, SRR ISR T 28 X R IR T
(RS 75 BE B A A e F OSA JR O ME H F2 4
LIRS, DT RAARRCo I 45729 e XU

25 Lk, OSA YOk B 3= 0 28 Ty e A9 458405 91
A Fh 12 AR SEURE 3 20, BE AR R B Ak 5| & i & 0
MR BT T 2Ol Z —, OSA ByiR YT ot 2
H 2 U R FIR: 174 W YA 7 R Bl F R M A ) RE [
AL 00 A5 9 XL (1) B L3RS
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