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Abstract: Objective To investigate the association between hypoxia parameters and vascular endothelial dysfunction in

patients with hypertension combined with obstructive sleep apnea-hypopnea syndrome (OSAHS) of different severity.

Methods A cross-sectional study was conducted. A total of 629 hypertensive patients, aged (39.2118.87) years, who
visited the Hypertension Department of TEDA International Cardiovascular Hospital from April 2020 to July 2023 or Tianjin
Kanghui Hospital from December 2023 to September 2024, were included. Male patients accounted for 77.6% (488/629) and
female patients accounted for 22.4% (141/629). The patients underwent portable sleep monitoring and were categorized
into 4 groups based on the apnea-hypopnea index (AHI): essential hypertension without OSAHS group (AHI<<
5 events/hour, n=205), hypertension with mild OSAHS group (AHI 5 to << 15 events/hour, n=227), hypertension with
moderate OSAHS group (AHI 15 to < 30 events/hour, n=112), and hypertension with severe OSAHS group (AHI=
30 events/hour, n=85). Vascular endothelial function was assessed via brachial artery flow-mediated dilation (FMD).
Multivariate linear regression analysis was used to assess the correlation between hypoxia parameters and endothelial

dysfunction. Receiver operating characteristic (ROC) curve analysis was used to preliminarily evaluate the diagnostic
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performance of the time spent below oxygen saturation of 90% (TS90%) on severe endothelial dysfunction in hypertensive
patients with severe OSAHS. Results
(4.38+2.25)%, (4.2011.96)%, and (3.95+2.04)%, respectively, which was lower than that in the essential hypertension
group [(5.56+2.66)%] (F=15.465, P<<0.001). Multivariate linear regression analysis showed that, after adjusting for

FMD in the hypertension with mild, moderate, and severe OSAHS group was

estimated glomerular filtration rate (eGFR), uric acid, and other factors, TS90% had an independent impact on FMD in the
hypertension with severe OSAHS group (8=—0.008, P=0.006). In the hypertension with severe OSAHS group, the area under
the ROC curve (AUC) for TS90% diagnosing severe endothelial dysfunction was 0.692 (95%CI: 0.579 to 0.806; P<<0.001).

* 759 -

The optimal cut-off value was 30.25 minutes, with a sensitivity of 80.43% and a specificity of 56.41%. Conclusion In

hypertensive patients with severe OSAHS, TS90% is an independent influencing factor for endothelial dysfunction.

Keywords: hypertension; obstructive sleep apnea-hypopnea syndrome; time spent below oxygen saturation of 90%;
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P2l I 205 35.96+8.09 131 (63.9) 74 (36.1) 49 (23.9) 26 (12.7) 24.0 (2.0,60.0) 26.02+3.64
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PfE <0.001 <0.001 <0.001 0.007 0.117 <0.001
1 RN L HDL-C LDL-C eGFR pRE PRFR FMD
(mmHg) (mmol/L) (mmol/L) (mmol/L)  [mL/(min-1.73 m?]  (mmol/L) (umol/L) (%)
HAINE 14424162 4.54+0.76 1.15+0.26 2.90+0.70 96.71+15.93 5094123  36532+87.46  5.56+2.66
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AT E OSAHSHE A T, 1% 2 Ju gt Wl 9 J7 B2 ] ff B
FMD 12.4% (175 5 5 (P<<0.001) . 7 & I s 4 37 4% 5
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1 e AHI OoDI NI P A 7 45 I NI A R 45 TS90% MSpO, LSpO,
(¥ /h) (#K/h) IR (s) FHIH(s) (min) (%) (%)
PALEIME 205 2.5(1.4,3.7) 3.6(2.2,5.7) 21.5(16.5,29.8)  14.6(12.9,16.7) 0 (0, 0.6) 95.50+1.24  89.46+3.41
ZBFOSAHS 227  9.0(6.5,11.5°  10.9(8.1,14.6)"  30.5(24.0,40.0)' 16.4(14.8,18.8)*  1.7(0.3, 6.6)" 94.8941.69" 85.26+6.64"
FEFOSAHS 112 19.1(16.8,22.8) 21.3(17.6,26.3)™ 42.0 (33.1,54.00° 19.0 (16.7,22.9/®  7.7(3.0,20.7)®  94.63+£123* 82.49+422"
HFOSAHS 85 46.6(39.3,58.5)™ 50.5(38.1,62.0)™ 61.5(48.3,77.5™ 23.6(19.6,28.1)™ 41.1(21.2,107.8)™ 93.71+2.60™ 73.61+9.26™
At 629 8.8(3.8,17.4) 115(5.2,21.0)  32.0(22.5,44.8)  16.7(14.6,20.4) 1.9(0,13.2) 94.88+1.74  84.56+7.70
F/HIE 571.672 477.929 274.169 212.612 294363 24.855 152.196
PH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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5 1.201 0.278 0.205 4313 <0.001
AR (%) -0.006 0.012 -0.025 -0.511 0.609
e IR AFZE I R] (4F) -0.003 0.002 —0.082 -1.692 0.091
BMI(kg/m®) -0.029 0.028 —0.050 -1.029 0.304
W2 AR -0.394 0.207 -0.092 -1.900 0.058
i} -0.490 0.245 -0.097 -1.998 0.046
L i K (mmHg) -0.012 0.006 -0.099 -2.053 0.041
122 & 7k & (mmHg) -0.010 0.007 -0.065 -1.340 0.181
A I E A5 (mmol/L) -0.032 0.118 -0.013 -0.273 0.785
HDL-C(mmol/L) 0.535 0.460 0.056 1.162 0.246
LDL-C(mmol/L) 0.059 0.132 0.022 0.446 0.656
eGFR [mL/(min-1.73 m?)] 0.018 0.007 0.133 2.753 0.006
JR % (mmol/L) ~0.005 0.080 -0.003 —0.066 0.947
SRR (umol/L) -0.004 0.001 -0.159 -3.301 0.001
AHI(R/h) -0.013 0.006 -0.108 -2.236 0.026
ODI(¥K/h) -0.014 0.006 -0.122 -2.527 0.012
MR P B 0 £ B ] () -0.007 0.005 —0.075 -1.547 0.123
HEE M I IR 2 £ - 2 I () -0.029 0.019 —0.075 —1.549 0.122
TS90%(min) -0.006 0.002 -0.129 —2.679 0.008
MSpO,(%) 0.080 0.056 0.070 1.443 0.150
LSp0,(%) 0.016 0.013 0.061 1.248 0.213

i : OSAHS Yy L 28 11 Bk MR 0 WG 87 45 1K 38 45 5 1iE 5 BMIDK {4 o 4 %50 HDL-Coy i %5 4 iR 2 11 IF [ 85 LDL-CoA {1 85 B iR 2K 11 1A o 5
eGFRA i B 19 1 /N BR B i 3R 5 AHA I 08 B 452 Rl <38 %0 ODy 400 AiE 05 TS90% A I 46 A A B2 AR T 90% K4 ] [ 5 MSpO,Jy ~F- 34 IffL 40 1 il 2 5

LSpO, Ay f AR ML I A o P55 2 3850 0 1k

24 TS0% ZHEamMESHEE OSAHS BEEF X &£
FEERNEINEERERBLN ROC L H T HiFiAE S

TS90% 2 Wi 1ML A I 5 % OSAHS & &4 & N
Bz Dy RE B 5 1 AN B, AR B8 DL FMD<4% Ry & A
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W D RE R A2, it 23 ROC fh w1 . 45

78 : AUC A 0.692(95%CI: 0.579~0.806, P<<0.001) ,
E— 2 Gt AT R, e KA EBH8 R 0.368, ffE#
Wi 4 30.25 min, R 80.43%, F¢ 57N 56.41%.
UL 2. 21l AHL 2 W I & 9 8 B OSAHS 8
KM N R D) B BE IS ) ROC i £k, AUC i 0.506

(95%CI: 0.379~0.633) . {fi | DeLong #i % [t 48 M 4%
ROC {1 £ AUC 22 5, #2718 TS90% 12 W& Ifil & 45 JF
¥ OSAHS B & &A™ & W K DI BEFE 15 1) AUC (&
T AHI(Z=3.501, P<<0.001) . 7£ &1L & A I OSAHS £
NEEH, X — Xl Teg it m (E 3) .

F 4 EILEAIF OSAHS B H A E K ZE X FMD #2001 2 B4 M 71 13 43 B (n=424)

HAL B SE B 1H Pl
W 4.835 0.930 5.201 <0.001
HERI (AR Z7%) 1.088 0.279 0.186 3.900 <0.001
TS90%(min) —0.005 0.002 -0.106 2219 0.027
Wi R (mmHg) -0.012 0.006 -0.097 —2.040 0.042

i+ OSAHSJy BH ZE 1 Bl R 1P 0% %8 457 M1 /<0 2% 5 A1k 5 FMIDOAY IL 32 5 49 100 5 67 5 D1 BB 5 TS90% My 1l 4046 B2 IR T~ 90% 4 1 8] 5 22 B 2 42k [m] )
G BT VR B4R R=0.054, P<<0.001, ZMIRLKLIE TR | 2% WOAH & L A% 50 09 B /NBR B F (eGFR) | JRIR | WP 45 IG5 SR B (AHD) | S8 HR

B (ODD) RSN o HEFT L PEAG I, 58 T 25 545 I R 2 [ ok ek

£S5 HIMEAIFAFEEREE OSAHS W4 A [F] K X FMD 5200 (1) 2 8 2k P 115 4

ZH 50 1%k Sty B SE B o PfH
L A 42 BEOSAHS 227 ik 3.414 0.495 6.896 <0.001
P (UUB MR Z%) 0.940 0.375 0.167 2.505 0.013
el -0.776 0.372 -0.139 —2.084 0.038
RS I EEOSAHS 112 Wi 2.817 0.591 4764 <0.001
PR (LB RES%) 1.186 0.481 0.229 2.464 0.015
iR I EEEOSAHS 85 W 4235 0.322 13.137 <0.001
TS90%(min) -0.008 0.003 -0.290 -2.826 0.006

i OSAHS Jy [SH 2 1k Bt AR P W82 7 455 1K 38 /<25 & i 5 FMID R IfiL 3 A 5 19 1L 285 7 5K Th RE 5 TSO0% Ay Ifil 480 48 A1 JEE 6% T 90% 1 B 1] 5 v 1 1 A5 9 T
[ OSAHSH] £ [K & £k 1 [l U3 29 #1134 J5 R°=0.124, P=0.002, DA L 45 4 AE R B AG IE T M50 L AR L 12 WO T L Al 38 00 1 /N Bk ik a2 2R (eGFR) |
PRTR PRI BTG 8 S8 B (AHD) | S35 50 (ODD Y SZ A . EAT IE4R PEAG I, A5 A0 4% S 4% N Z 2 A e L 4 ik

3 it i

WEAE AT WF 9T R W, TN B T R I A J2 3 fik o A i Ak
) B B OB A AR, B R I A A R AR L I A e
FER B 1 FMID Az I AT LA 3E 2o Bl 2l ok ER S X i 48
W B2 D Re AT TCRIPEAR, AT LUk 37 T o if 45 9 s
gEJR BT AR, LR SRR A 0T N A R
BB JRURG: 40, FE AR I 9 v, AL I 2L B9 FMID 34941
N 5.56%, A% T WEAG IE % N R D RE A9 I P8 7.1%,
R I e S8 CAAE N D Refeds . X — R IR
BRI R4 9 OSAHS, o L S8 5 1Y) PN B A 470 S s A
IVASSEN=E5I

OSAHS 5 /& Il 76 O I SR 4% B 45 3 B P
[ VEFH . Saeed 2519 % Cabrini 25" % B, 7F & 1L &
B h OSAHS 5 H0 &% B i 35 (40 30 ok s A B2 34 L o0
U S RN A 0 S RS ) ST AR G o A RS K PR, A g AL
JE %% T OSAHS 5 4 K2 D R Ag B AR ES . A&
WF5E % B, & 1K & 9F OSAHS 3% 9 FMD & 2% ik

FraaliE i R 4H . i OSAHS AH 5 N iz Th fiE B i nl fig
JE T OSAHS S:E( H 52y, TH 8 1 DL T & 241
PN e Dytig: SRR B A AT RE 2 FRARALAA i b S Ak g
T3 TH A P B R — S AR A T b, b — A
R, 1 — ST U W R R R R 2 R R
SURRAR T P B2 A0 X 48 1 38 ) R B T, SRR I B
AT DA S 06 T S0 A T P AR R T RS B
2 DB AR Y ] A2 Ak R I 0 7 A ) SR A
JERE AR 2340003 P K i

FERRAE MR FE T, AHL 2 ALl OSAHS & 7
A 1) B HI 301 ) i A 1 e A B 4 AR 30 0 1 10 4 A
e SR, AHI ANRE 78 43 B Bt S0 1 R BE T [ 1417 Bl S
Bl SR B ) 10 T TS90% AT L A 37 ] B 4 A
V& B R 2 (), 7E — 2 R BE L AT LA W BB R (R 4Rk
FREEIE I

A 5T & BRAE & 1A JF OSAHS B, &IE T
PR K L 2= AR R . eGFR, JRR . AHI, ODI J5,
TS90% %t FMD A M 57 171 [n] 5206 . 3k — 2D 4T 00 2 47
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B & B, AAE = I & JF 55 B2 OSAHS 4H H TS90%
X FMD A5 il 57 £ ) 5% W, 0 7E R O A 9 5 b
OSAHS 4 AR W5 3] i 25 X HK . R T ik — 2P 5 ik
TS90% 5 N F Dy fie b i 1) SC IR, A 9876 w8 1l s
Jf # B OSAHS A #f #, 38 i ROC il £k 43 #1 il 52,
TS90% 2 Wi iz N & A= ™ 5 P 52 T RE B 15 1) 24 RE p
T AHL X — & 3F— L EIE T, Sk R ]2
PN Bz ) i B i 1 B U FR bR . AR I ABE T TS90% =
30.25 min J& & A2 )™ 5 P B2 D) BEBR AR A9 G (A . Ifi 7E
OSAHS &, /A F % OSAHS 41 TS90% K H i %k
(41.1 min) & F3X — I FHE, 13X 0] 58 AT LA B FE 5 i
JE4A I 5 OSAHS 4 M %5 3 T TS90% X FMD [ 7
SR . AESR . B OSAHS 2H H ok W22 5] TS90% X
FMD {57 5 W o] fig 2t T4 . 1 & OSAHS 4H iy ik
AR BB —E M BE . &R A JFE B OSAHS i
HHTREIAT HRA, HyrA e B35 TR, A
TR s 2 BON B D RE AL .
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4 : OSAHS Ay FH 2 H: Bl A P 1 87 45 41K 3 A< 25 6 iE 5 TS90% A i
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K ZIRE R AR L

2 MRS FFEE OSAHS f## H TS90% HI AHI i2
KA PR N T RERREAS A ROC 2k (n=85)

ARG KR, $5 2R E IE R SR IT R R AR
IR 51 T 59897 5 TS90% 1 el 40 56 1, 4R
R[] e 4 SRR B[] ) 21 1E ] BB A A 3 T P AL g
(4, X — AL 7% TS90% Ay Wi I w ] 1 Sk 9%
OSAHS B & NI Re b I FEFR A o ARHFIE KB,
TS90%=30.25 min ] fE & & Il 5 Jf 55 B OSAHS i
R R N R R A A TR TE AR, (H Y FE ST R
AR/ AUC {H 14 A 18 B BARUK S, 33X — I S Y

TR R S ATy AE SRR A A RIE S N T AT
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JE A JF L OSAHS B4, T RETE 256 H N J T hg
AR, AH IS5 T (9 I DR L FH A 8 575 755 T S 2 A 37 k5
WESE . 522 H TR0 0E o g ar T WA, &R 4 W5
TS90% zh 25722 1k 5 5 2L <03 1F R <R YT JF FMD 2k
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HE S ARk RE

1.00}F
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1:: OSAHS 2y BH %€ P4 IR A A W 87 452 1G58 K455 & AiE 5 TS90% g i
SN B I T 90% 11 B ] 5 AHI Ay I W %87 458K 38 44 41 ROC i 48
J SR EBRAERRIE 2K .

3 mliLES I OSAHS B3 i TS90% F1 AHI 2 Wik 4=
JEEE PN Y DI RERR AR ) ROC B4R (n=424)

AR5 A7 0 oAl Joy BRAE - 752, ARAIF 9 S — T R
W TFT 3 A, A RE AT TS90% I P Kz I il s i 2 Tia] £ [A]
ST, 5 0k i A A A s T T AT 5 E s R,
AHI 5T A G0N T 22 R 2% R 3R A A G L R A
B FE 2G| N 25 S AT 0 Mr, 3R A TR 2% 1 mT BB P AR 4K
FEAE; B8 =, IR AE R A0 AT I AIESE, 1T BEAF
E 3 5 A A, 346 K AT BE TG v k) #) HAt H IX A
BE. A % R it 2 O g i — A R A 5T 4
W, A S bR 7 ) ) 2 A R T A TR, ki ot
T R BA 51 55 T A 9 56 E = IR & 9 OSAHS A
BE R 45 W2 TS90% . AHI 55 P9 F2 Ty B B A5 1) SCHE
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XKoo WGPRSZEER, K TS90% 48 A &5 Il 4 I OSAHS
A0 I XU BT AL R R R 2 X TS90% =
30.25 min A9 & I A 5B OSAHS ¥, i o6 i
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