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The influence of sleep stage to RR intervals of patients with obstructive sleep apnea
syndrome
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[Abstract] Objective:To investigate the changes of the autonomic nervous system (ANS) activity induced by obstructive sleep
apnea (OA) during different sleep stages. Methods: Thirty male patients who were diagnosed with obstructive sleep apnea syndrome
(0OSAS) by polysomnography (PSG) were enrolled in the study. The RR intervals,sleep stages and relative data were extracted during
the OA (Event),as well as a 15-second period before and after the OA (Pre-,Post-). Heart rate variability (HRV) parameters were
calculated and classified in light sleep stage (S1~2) and REM. Then the influence of sleep stages on HRV was analyzed and
compared. Results; RR-Mean and RR-SD shifted to the lowest and ARR-Mean turned to the highest with in both stage 1~2 and REM
with OA,while the trends shifted back again after OA. However,RR-Mean in REM was lower than that in S1~2 during the whole
process. Conclusion:Sleep stages and respiratory events lead to repeated changes of autonomic nervous system activity in patients
with OSAS during sleep. The sympathetic activity dominates during REM and OA. These might be associated with the development of
cardiovascular diseases in patients with OSAS.
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FH ZEPERENR AT B 1FLR51E  (obstructive sleep
apnea syndrome, OSAS) H1 FREARS 2 [ & &R
Pl B 45 AP SR E AR RIS BEAL TT 51 & 2 R G0
AR, LIV R GER I RAE , A U DR O
URESE Koo 355, S Horp — AN E 7 2, BRAEDF
FEHE7N OSAS [ H F A IIRE MR AL T BB 25
RO MUAE T RAE B — > EE SRR B B A i 72 sl
AZITE B 5P HAE LB R (rapid eye move-
ment , REM ) BEIR T BEAZ 8 230, 250K
P OSAS HF SIEE s WA hn 7 ALY
FEE— 2 7R OSAS H 3 7 1A) Rl 5 Jk 3 2 5 i
I P 102 8 155 IR 38 < #5828 (apnea hypopnea index,
AHI) BAR 550G (H R A AH G R BT BEZ
HEE BE B ) 52 01 A AF 5 30 ek Xof 22 3 e R )
(polysomnograph, PSG)  3zf 2 r 42 i [SH 2 1 e i I
M 155 (obstructive sleep apnea, OA) Tl & 4= L3R
A7 5 (heart rate variatlity, HRV) #4743 87 , #E— 25
PRI FEAS R REAR B BE T OA RiJ5 HRV AR b ds
LEEET

1 XgMFE

1.1 %

BEHUR R RSE 5 — BB BE BE 30 $] 48 PSG
Wl OSAS B TEERE, i 22~64 % [V
(49.6 + 10.8) % |; AHI &y 5~57 “F-4#4(22.6 + 13.1),
WFFEXF A HEBR AR« OO LA B WP 2R Ge 9
o WEDRIA | A A MR £ M s s At T
N2 5@ B FTEAE IR P 1 Hs 24 4 a3 At 5 i)
ELIREL Y, GIIE] PSG T 7 d AN
L IH YRS EZL 7/

12 7&*
1.2.1 #5:f PSG ¥

BB H ZFRUE PSG (Alice 4, Respronics 2
], 5 W2 Wl OSAS, PSG Wil () N 254045 .
DN N e LN ES I N I N ES I B RN i N
A ) IR R IE s (BRI C ) WO K
P AN Kl SRR

e 73 R W /{13 A=) 4 AR A 5
i ARG 5 2% 2 (the American Academy of Sleep
Medicine , AASM ) B4R EIR i N 04 s 2] e
e B B Bt F 455 PR S IR e B B B (REM) AR TR B HR
R AR BT Bt (NREM) | J& 25 373 v HIR 5T (ST 3
S2 J91) FTRIEHR 1 (S3 910 S4 381
1.22 FFREIEHLIE

FERRE PSG _EREHL OA X 7] (Event) K Hii 5
15 s fIX ] (Pre-,Post-) , il it Alice 4 3K {F 435142
BUX 3 ANEZEIX []AY RR )3 PP F  EAR 231
SERADCHTETFNGOR, AT RES OA Ikt i 4% IX.[i]
) RR (AR AR B, DL HEAR B B 254~ X [E]
W) HRV S0 520, Rl i = 4 X 25 L i
SN AR A [E] B 25 /DK F 30 s(Hl—>5%
F& 1] Pre-F Post-IX[H] ),

04T RR [ HRV f8bRt2 46 . RR [H] FR 01
I {8 (RR-Mean) . b5 ¥ 2 (RR-SD) F1 ¥ 77 R (RR-
rMSSD), LK AHAB RR (6] b 22 53 19 - 24 {H ( ARR-
Mean) . ¥k #E 2 (ARR-SD) #1377 # (ARR-
tMSSD) , EF PRSI F AR 3 AN [E], 230 5
WA X B 6 41 HRV 2 Hrdsdn, I AR
AR B BB IX[E] Y HRV $8%5 .
13 %itss

i FH SPSS18.0 ki1 7581t 51 4. RR ]
FF A BE 28 IE A TEAS S0, 2 B8 AR IEZS 4040, IR
KR8 (B IME, SR s  IF 3T RS 4G
55 o %F Pre- Event 1 Post- 3 /™IX.[8] 2Z [8] fY) FL 370
JH Kruskal-Wallis #5583 , Ak 0 FHY 1Y ¢ 4555 %F
3BT LeAss AN [R] R AR B B2 (S1~2 A1
REM) Z[aIfY EbEER H Mann-Whitney #5075, P <
0.05 AEFAGITEE L,

2 5 R

2.1 AR BEIR-FEX T Pre-,Event #2 Post- 3 /A~ X Jq]
HRV A2 # Btk A

Xt OA HEREH 260 FH Kruskal-Wallis 63645 1
2 HRV 43H1 BT SEUHE Pre-,Event 1 Post- 3 />
X [H] 2 [8] Y 22 S 240 & (A P < 0.001) , 44T
N Y T ¢ KEg %t 3 A IX RIS T e b, 45
FWPTAH HRV SEEAN ] X 0] 22 (8] ) 22 St LA
WEYE(E ), BREEGER  BEE OA B& L RR-
Mean F1 RR-SD P Pk 27 15532 A B , ARR-Mean
B, TS OA %5, RR-Mean H1 RR-SD
NZ A K ARR-Mean B4/, 1ZHEHHER  0A
)R JEG B T OR300 B TR R AARAR S48 /0N, TiAHSR
RR W higBERE A 7E OA 25505 WARE AR AL
5, AS[EIRERR B (S1~2 AT REM) T, iZ ik
FHAF (E 1),
2.2 BEIRM-EX 554 Pre-, Event #2 Post- 3 /> X 8]
M HRV A4 6% h
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43 5I%F Pre-, Event Fl Post- 3 NIX [E] N HRV S5
FTH#E (1) . 7E Pre-Fl Event X |] ,REM 1% RR-
Mean RR-SD } ARR-rMSSD i 1% T S1~2 8 ; 1fij

x1

£ Post-, L3R 3 AR FRAEAS [ BEAR B B (] (1) 25 573
TCRESEE L, 5 S1~2 WiAHLL, REM # OA #
& RR-Mean G248/, {H OA L5595 P& YRl
P FEAAH [F] A 7K SF ; RR-SD Fi1 ARR-Mean 7E W’ EF
15 KA HT REM 48 B AR B S )N, (ELE5 o5 7 4
MR B B 1 25 5 T 2

A EIEEERM EX T Pre-,Event X Post- 3 1~ [X 8 HRV 2385 L4k

Table 1 The comparison of HRV parameters during Pre-, Event and Post- in different sleep stages

S1~2 (n=29, Event’=1 200)

REM (n=29, Event’=376)

Pre- Event Post-

Pre- Event Post-
RR-Mean  60.80(4652,9195) 5997(47.04,84.53)
RR-SD 2.15(038,11.78) 196(049,842) 275(0.33,12.30)
RR-rMSSD 60.88(46.62,9205) 5999(47.06,84.84)
ARR-Mean -007(-1.71,247) 005(-144,1.15) -005(-1.31,165)
ARR-SD 181(045,1373) 1.69(052,9.85) 195(047,14.55)

ARRaMSSD  1.76(047,1335) 1.65(051,9.65)

193(048,14.23)

6358(4791,9835) 5993(46.80,8631) 5862(47.14,8102) 62.55(51.09,86.79)

1.68(054,1193)  1.84(0.55,997) 2.71(037,1358)

6369(4793,98.70) 5999(46.84,8692) 5863(47.17,8105) 62.62(51.11,87.11)

-007(-1.74,130)
154(045,10.10)
151(050,971)

006(-095,061)
145(046,1049)
143(049,1034)

0.00(-153,149)
1.90(058,11.22)
1.86(055,1092)

3 3 R

RO E RR S T 8.0 %48 5404 (HRV)
S3HT T E R ETCA], I HoAE AT, T B
JS2 WU IFE S JERTI 26 1 o 220355 2 1) 5 i R a4 e
Ivi) Fsf 7T 7 MG 324 7 S0, 552 i 6 1 ) ARG
R, BT HRTZ T E 2R OSAS B A
TG SR

H B S RGN RETENE 2 AR A BRR A
14 B T B A T — A VR RSPl BRI A K
OA S5 PN BEEL G X )52 2 OSAS BEAC
/RIS AR AT RE I P I E R 5B T
FEHER T OSAS 3 2SI Bl T iE TR A2 184 )
BB - T A2 ST A ELAAR R Iy =X HLBe=
BT, AL BT B ARt I R AR o i 4

RIZZIRIE 35 AHT B AHG, (HIZAH DA, ik
IR RN 27 152 45 28 B2 M TG IR HERR D

Ty — 7 AEAS R REAR B, 32088/ RIS SR 220
Bl 7 AL DR I PR 3T B R VP R B 45 R v
PRZETE B S WA ELE FE AR (1 52, PSG J&i2
Br OSAS AT B, AM5EE L PSG Wil iy
RR R4 SRR B B im s e, BTt
HRV S A B 00 206 Sl 5 TR R AR
B BOC LA, EE S LN BT LL S min
BANTHEF T R OA M FRAHXSAR S, L 5 min 4
IIHTEAA A B DL B OA SRR A HARAR AL
WA T OA LHTTE 15 s B9 ARG Y
SIMTEAAE, TR EEAHAR OA [HIBR 2= /Dt 30 s (1)

HAFE AT 0T, DLARE Pre-F1 Post- 1~ X 8] 5
Event-[X [H] FAHSCH 4T

REAEAF S 427 OSAS 3 22 B sh#g o itk (A
e W NEANN SN i) < B R G i N
S50 3R ], 0SAS [ S B A I A — B R BLE
HANHENR AR . B5E7E OA iR RR-Mean 1 RR-
SD K% OA Tz A FEAK , ARR-Mean 321K iX 3%
B OA MRS IR T DA S e B 54/
TMAHSE RR SRS, MikEE OA HIZ5R , RR-
Mean A1 RR-SD W& 18K ARR-Mean 1% 445 /)N,
PEIRTE OA Z5 5 J5 MR AR E Ry Il &, IRt
OSAS B SBGE S TR AEREE OA T BLAY
BT LG R — L W T 7E S1~2 IR REM 3 |
HEHRE B, Dingli S SR IIAENFI F
RAEJEF 2 min WAYIRASR 73 (low frequency pow-
er, LF) Fll 513 %4 (total frequency power, TF) i} 2
o T IPIREIS , Jilek S5 5E ARG AT T3 ¥ O
BT NREM JH B A28 51y, ¢ IR 8 452 K HC T 1Y)
LF FIA /S 4543 LU B (the ratio of the spectral
power in the LF and HF band, LF/HF ) 4% JoF 0 25
BLIN T o 3T — A BE UL T IR (AR B 5 |
T RIS ST

ARUFFELERIE R Y] TTEAF RN BT, REM
WA R A G 3, DAERFFE R T IE % REM
WS IETE B G A, Scholz SF R B, HE
TE REM Hi 15 min, LE/HF BRIP4 & 0 RS
R FE T 3 A DIEEIE ST, REM IS0 AN g
AL WIL, Gapelyuk SEMRIRITTEHEAN] OSAS ¥
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REM A1 52 J8%0 sl i B A ID) &0 3 TH e, AR S &
SOV B T 34518, ARSI S0 A
GO MR A rp AR SR S kAT 1P, B
AHI 5 HE AR AR, 7l RS ARHEER BRI Y
BUSE A ARG TR 15 K H TG i
WURAE S1~2 F1 REM 152/ sk P AN [A] , {HAERT:

W BT 4545 TR SIS B B PR B HE A AR R Y 7K F

S 1 IR {5 I 1) S sh AU
A EAEIRTT IR AT OA FERE T [ 20

SR, H OSAS BE I OA 130 ik

MR BT Ak, A1 T A D B B (S3~4 39 50>, S3~4

S918] A A WP =S /b BT LA TE s — 20

PRUTTEIZIIA] N B =00 2805 3 Bl 0 B 5 ) 284k

WA TE AR, HENTE S3~4 S 8] 52 %

MIZAT B IX—HaH Kesek 5 IR LE LB RR

[ bR HE2E (LF K LE/HF 78 S3~4 14 REM ]

PN X GASSCHENA — 2,

A URBIZH R TR AL AR 53 BT (coarse graining
spectral analysis, CGSA) B 53T 772 , - 1 ZAHE|
SR A IRE R ST, TRl 22 g R i
LR EAE I S A E RS X T IR S A A
BBy BEIEAT VA 23T, SR ] A IR AR 8 5 B 2 i
AR R S IRETE B R RR AL SR TG TR R4 E 5
BEARZS IS0 v FL AT 2t — DR

25 LR, TEIsTE S1~2 A& REM 11, 0A 5]
RAIEIENETI G, AE OA 2508 ) H B4 Az £ (o]
52 ARIBERT 5K, REM 10952 BGE 1k 5 5
fii, OSAS FBFERIE H F R 2T RE A BERR B B FIif:
W= A AR S A B S R Bl X AT R S HAE RO
AT B BRALHIA 5C
(5% 3CHk]
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