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[ ABSTRACT | Aim  To analyze the effect of the oxidative balance score (OBS) on vascular endothelial function and
to provide empirical evidence for developing targeted interventions and preventing vascular endothelial dysfunction.
Methods This study selected permanent Han residents of Shunyi District, Beijing as the research subjects.  OBS of the
study population was calculated using literature review, questionnaire survey, and high-performance liquid chromatography-
tandem mass spectrometry.  Vascular endothelial morphology and functional status were assessed using Vivid-7 color
Doppler ultrasound, UNEX EF vascular endothelial function testing technology, and ELISA.  Independent samples t-test,
one-way analysis of variance, chi-square test, and multivariate Logistic regression analysis were used to explore the rela-
tionship between OBS and vascular endothelial function indicators. Results As OBS level increased, the content of 8-
iso-prostaglandin F2a (FIP) decreased.  FIP levels in OBS group 2 and 3 were significantly lower than those in OBS
group 1 (P<0.01). The risk of high FIP expression was significantly reduced in OBS group 2 and 3 (P<0.01). Flow-
mediated dilation (FMD) and serum nitric oxide/endothelin-1 (NO/ET-1) ratio were significantly lower in the high-FIP
group than in the low-FIP group (P<0.05). Carotid intima-media thickness ( CIMT) and serum ET-1 levels were signifi-
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cantly higher in the high-FIP group than in the low-FIP group (P<0.01).
was significantly lower in the low-FIP group than in the high-FIP group (P<0.05).

The risk of vascular endothelial dysfunction

ET-1 and endothelial nitric oxide

synthase (eNOS) levels in OBS group 3 were significantly lower than those in groups 1 and 2 (P<0.01), while the NO/

ET-1 ratio in OBS group 3 was significantly higher than that in groups 1 and 2 ( P<0.01).

CIMT progressively decreased

with increasing OBS values, CIMT in OBS group 3 was significantly lower than that in the OBS group 1 ( P<0.01), and the

incidence of abnormally thickened CIMT ( CIMT >1.00 mm) was significantly reduced (P<0.01).

FMD showed an in-

creasing trend with rising OBS value, FMD in OBS group 3 was significantly higher than that in OBS group 1 (P<0.05),

and the incidence of abnormally reduced FMD (FMD<6% ) was also significantly reduced ( P<0.01).

Conclusion

Elevated OBS can effectively reduce systemic oxidative stress levels and significantly improve vascular endothelial morpholo-

ey and physiological function.
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Btk AT I s 000
1.4.1 ELISA ®4X %A ELISA A& Ml i i —

21t & (nitric oxide,NO) . N Z A —F 1t & 4 B (en-
dothelial nitric oxide synthase,eNOS) ., % & % 1 (en-
dothelin-1,ET-1) . 8- # 7| & & F2a ( 8-iso-prosta-
glandin F2a,FIP) \Fe \VitC . w-3 X% 0-6 %, X7 &
mEBEETEDTEARANFRME,
1.4.2  &#0RAEE#- B B #E N X e 0 45
mEHE -HE MR B-HAENE B-RER.EX
ER a-£ BBy F B %, EEN R T &
T

(1) BEAF AL 22 B 3 4 K 100 L, An A
300 WL A fF-F 8 (2 : 1,v/v) #1300 pL K, & i3k
% 1 min, K 5 DL 13 200 r/min A % & 0 8 min, B
TEANAE S ZE PE & 3K 4% ; K4 m N 300 plL
ESK, BHEIR% 1 min & L 13 200 r/min 4 %k B
8 mm,EXJ;)%fﬂ‘)Mﬁﬁk)\J:ﬁ PE & # F K%k
%5, WY TG N 100 wL B B A 3 S0 wl b
HLAR A

(2) AR A& F, &4 MSLab C18(150 mmx
4.6 mm,5 wm) 495 50 °C, % # 1.2 mL/min, 3% 3}
A AE A KA (K +1%0 F B +1%0 F B %) ,B 4 A H
AR HBE+15% L JE+2% F R B +1%0F B ) , ¥t #F
E15 uL, HE k2 fixr,

xR 2. WiHBIEREMR
Table 2. Gradient elution table for liquid chromatography

1 2 3 4 5 6 7 8 9 10

Preg
. 7 0.10 0.50 0.60 3.00 3.10 15.00 15.10 35.00 35.10 38.00
[E]/min

% A 95 95 2 2 1 1 0 0 95 95

% B 5 5 9% B 9 9 10 100 5 5
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BRI B H &£ F 7 A B T 4L iRk
F A SLAEAR ¢ 4 B A B R E B Kk R K A Logistic [l
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24 X GraphPad Prism 8.0 A

2 # R
2.1 ZiXFNX SRR REER

ZARH S MRFG R A A 25 SR 3R 3 i, 2
WE PR BN (51.8214.6) %, LN
(53.9+£12.3) %, FFI E R LH T E L (P>
0.05) . FBZiw) BMI 2273411248 L (P>0.05)
AL AR T I, B A 18] VitC | w-3 ., 0-6 ., B-FRH
FOKE T LT y-AEF B K& FIP K2 55370
Gl X (P>0.05), Bk p-#% N FEAKFE
PR 10. 61% (P<0.01) 3 ZVEIL o-5A % N ZH Fe
IR B B A 7. 66% F1 5. 14% (P<0.05) . 1E
AT 5 ORI 24 5 18, 59 1k 48 H WA | 8 AR T
AR T3 05 Bh A LA o S 5 P v 55.91% \31.77%
F18. 42% (4 P<0.01) ; e PR & AR 7 1% 2 9 L i A
Bk 14.11% (P<0.01) . 5 2l v 48K J7 1 30
EL A, DL K el ) DE AR R 3 55 7R BT % 24 ( nonsteroidal
anti- inflammatory drug, NSAID ) fifi F A% (L35 1/
i RS ) A9 LU B, 22 R RG24 L (P>
0.05),

2.2 OBS MK 57 HEERBE

FEATRIWFZE N OBS #5351 0S 5950 5 & 1 ik
FEr OBS B BN T A B i 55 i 22
ZH 5T, OBS MY U o ey 12 ~ 14 T,
BALFE S HUARE AR S AR B IR R AT U
AN T R T 36 Bl ) B REIR O K 25
FAMEHLAE AR SEBIRTT 08, 0BS 51L&
FEUIREZ M 3R, A6 SCHR AL B A9 Sl 1 3 3 43
Bk B A0 7 X 5 00487 9 e 2 g %% D0 AE DG 1Y
AL SH AN E A2 OBS [ AL 7N
DL 16 . 1L 3% VitC \0-3 \0-6 o~ % N B-H %

NE B-FRE T, EKE oL FH yv-AEF B M
T8 Fe KV AR08 ShAR B0 AR B R 155 B | B
] VAR A% B NSAID fif A% 3 L & BMI, _F ik
R R S S A i, A i AR =, X
LR T R =4 VR A8 R e AR
S SRR EARR 3 FUE LR 4, TR A .
PEEALH T (AN LTS Fe) 4% 7KF- i i 24K 5 B AE
R0 51 2 g B EAC R T (A0 o 8 D RS
IR H AR A RAE R 2 4 1 430 4, T
SR L AR RN B 43 I AE 0 ~ 2 43, A iR iA
TIESIRAE 0 43, TAFR I TG SNIRAE 1 43, =ik 1%
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Table 3. Overview of participants’ test metrics and questionnaire responses

oo

B, AWFFRARZI0E B OBS {H7E 3 ~29 4322 [H],

T H MK (n=339) B (n=142) L (n=197) P
WS, % 53.00+13. 1 51.8+14.6 53.9+12.3 0.252
B iFi/em 160.05+8. 37 166.90+7. 52 155.12+5.45 0.001
R H/ kg 67.91£11.02 72.48+10.71 64.61£10.22 0.001
BML/ (kg/m*) 26.55+3.79 26.12+3.52 26.85+3.92 0.148
VitC/ ( pmol/L) 31.71£9.26 31.63%9.77 31.75£9.02 0.923
®-3/( pmol/L) 80.0321.37 81.19+25.29 79.44£19. 12 0.544
-6/ ( wmol/L) 12.84+3.42 12.52+3.58 13.01+3.34 0.290
B ME/(pe/L) 19.71+4.77 18.68+5.52 20.23+4.26 0.015
B-fHE M/ (pg/L) 41.35+10. 89 44.47+12.23 39.75+9.81 0.001
B-F B i/ (ne/L) 24.68+7.93 24.63+8.55 24.70+7.62 0.942
FORFER/ (ng/L) 29.53+8.39 28.35+8.43 30.14+8.33 0.114
a-E B/ (/L) 1 795.85+334. 89 1 767.52+415.97 1 810.37+284.98 0.341
AT/ (/L) 1 068.37+257. 13 1 082.92+285.36 1 060.91+241.99 0.525
Fe/(pg/L) 57.38+8.56 55.39+8. 84 58.39+8.26 0.009
FIP/(ng/L) 517.97+78. 41 523.27+83. 12 515.26+76.01 0.447
WA/ % 88(25.96) 83(58.45) 5(2.54) 0.001
TR % 52(15.34) 48(33.80) 4(2.03) 0.001
AR 1% 8/ % 24(7.08) 17(11.97) 7(3.55) 0.003
TR TG 31/ % 101(29.79) 47(33.10) 54(27.41) 0.259
FARTITE B % 214(63.13) 78(54.93) 136(69.04) 0.008
NSAID B /R /% 112(33.04) 45(31.69) 67(34.01) 0.654
NSAID #LA {5 /% 5(1.47) 2(1.41) 3(1.52) 0.931
B ] PCARAB ZR 1 1/ % 40(11.80) 19(13.38) 21(10.67) 0.444
WA ] DG AR B A8 /% 45(13.27) 21(14.79) 24(12.18) 0.485
F* 4. OBS SIS HIBERE R

Table 4. Assignment of each component of OBS
OBS #4587 0% 17} 241 OBS 14 {75 075 15 2%
- ME/(py/L)  <17.60 17.70 ~21.50 >21.50 | w-6/(pmol/L)  >14.32 11.40~14.32  <11.39
B-IAE NE/(ng/L) <37.50 37.60 ~45.20 >45.20 || Fe/(pg/L) >61.60 54.90 ~61.60  <54.80
B-F#E R/ (pne/L) <20.70 20.80 ~25.80 >25.80 || BMI/(kg/m?)  =28.00 24.00 ~27.90 18.50 ~23.90
TR/ (ne/L) <25.80 25.90 ~32.30 >32.30 || H&J1iESh i &g 5
a-EEFW/ (pg/L)  <1660.00 1661.00~1 880.00 >1 880.00( M4H —EWE Ak AN A
v-AEEW/ (ne/L) <930.00 931.00 ~1140.00 >1 140.00| 4kiH SRR R AR
VitC/ ( wmol/L) <26.51 26.52 ~34.96 >34.96 | FURIVCARIRA  MOAIRA /R ARA AR A
-3/ ( pmol/L) <70.68 70.69 ~85.33 >85.33 || NSAID AR MAMRH HRIRH AR
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2.3 OBSEEHGEEARETZENXER

FIP T B A I e , FoA: iS5 AL 1 08
RV &, FIP J& 0S S i b 3228 H AR @ At =
W R W Rg et A AR R e U L T SR Y
BrRbR, 5 VA PR OS K1 S5 i, 760
45 H G 5 1) 4800 45 5 AL B o v AR BT 2
Rz

M OBS TRAH 1% & 7] 41, OBS {H A%, 26 {2 &
TRAVE s, BT AR /R S s e =2, AR Rt Ak
FEHI R T A/, HE B, OBS {EBi , HLIK
0S 7KF#EAIC, B FIP {E RN, ZEH83T OBS 5Lk
AR R R ZHT, | e T A 5215 1Y OBS iR
=50 i 80 =451 OBST (3 ~ 14 41) |
OBS2 £H (15 ~ 18 43) 1 OBS3 #41 (19 ~29 43) , 731
RFAE B =K OBS {5, AT OBS 41RY
FIP {H L3 5, B OBS {HI N, FIP /K - 1% ¥ %
ik, 5 OBS1 ZHAH I, 0BS2 £H 1 OBS3 4H 1) FIP /K F
I3 HIREAR 6. 80% F1 18. 59% (] P<0.01) ,

*5. A OBS A% FIP ER HLL% (n=339)
Table 5. FIP values and comparisons among different
OBS groups(n=339)

aih FIP/(ng/L) P
OBS1 44 570.55+52. 85 -
0BS2 40 531.77+73.09 0.001
OBS3 41 464.51+65.51 0.001

AN, AWFSE R XF OBS 55 FIP #4T T Logistic
W20, B ek 4 OBS ZH Y FIP {8 F {8 4>
HPZE AR FIP (< #{H,517. 97 ng/L) K
- FIP(S3ME) , 43 BIAE R 0 A1 1, L FIP A
A d ,0BS =AM GI1h AH AR 5, 4381 OBS 4150 22 4k
X} FIP Y52, 2554403 6 7R, OBS2 41H1 OBS3
kA FIP XU 25 I T OBS1 41 (3% P<
0.001)

2000 —— 150 2001 80.00

15.00 €100 36000
& £ g

£10.00 E 2 40.00
T 5 0.50 o)

5.00 Z 2000

0 0 0
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% 6. 7[5 OBS %15 FIP & 3% &) Logistic [E] 3447
Table 6. Logistic regression analysis of the relationship
between OBS and FIP

K FIP 41 & FIP 44

(n=159) (n=180) OR(95% CI) P
0BS1 22 87 1.000 -
0BS2 53 75 0.170(0.086 ~0.335) 0.001
0BS3 84 18 0.054(0.025 ~0.115) 0.001

TE: OR X8I AT RERZ AL A S AR 25 B A PR AT T AL E
ERICN N 22 ¢RI T R VNN 15 ) o A SN S
PG MO AP TRIE Oo 5EB FVHE PRI 25

2.4 HUESMIRZAST M E K B ThEE R R0

T FIP 2R PR 0S 7K 4 b ifie, A ot
DL HE FIP B F- S48 A AR S
P AT 3 K FIP 4, AR ALK
ARG & T RME S T R FIP 4 AR KT
Bifm o SIS N B 4540 5 D) g Y FR AR AL 4E . NO |
eNOS .ET-1 .FMD F1 CIMT,

ANTR] FIP 7K A HE A9 10048 P 2 FR b L e 285 51 AL
7 ME 1, 51K FIP 4UMH E, & FIP 41609 FMD Al
NO/ET-1 e AE 43 ) F& A% 18.93% 1 15.94% (P <
0.05 B, P<0.01) ;7 FIP 20/ CIMT 1 ET-1 4337}
155 43.08% F1 14.30% (¥ P<0.01) ; B ZH 6] /Y NO
Fil eNOS 7K V-2 R o g it22 8 () P>0.05)
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Table 7. Test results of vascular endothelial indicators

among subjects with different FIP levels

s v 5 FIP 41 1 FIP 21

INEGRYE e o (n=180) (n=159)
FMD/ % 9.51+2.68 11.73+3.32 0.022
CIMT/mm 0.93+0.25 0.65+0.18 0.001
NO/ ( pmol/L) 54.54+6.81  56.78+4.94 0.080
eNOS/(U/L) 10.31£2.13  11.15+2.03 0.059
ET-1/(ng/1L) 48.11+5.53  42.09+5.65 0.001
NO/ET-1 1.16+0.23 1.38+0.26 0.001
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Figure 1. Comparison of vascular endothelial indicators among subjects with different FIP levels(n=339)
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AN ARBFFE IR X FIP FIALAE N B ThBEEAT T
Logistic [B1F434r, LA FMD {1 A 5 e ifi % 9 Hz Th Bk
(IFEhR , 7% Z i A BE FMD (1% 5 2 {806 2o v
FMD 4 (>HE , RN DI RBIEH  AE N 0) Ak
FMD 4 ( < ¥{E, fRR N ETIREIE T, E R 1),
DL FMD Ry AR5 FIP BN 50 0 F AR &, 4347 FIP
BT FMD BI5EM, S5 5Ran3 8 fiiR , fIX FIP
2 R N B2 D REAR T 19 JRURS: i (R 5 FIP 41( P<
0.05) .

2.5 OBSXTMEMNEINEER I

ANTA] OBS 21 51 PN B2 Ty BE A= Ab 48 B 9 4G ) 5 1
L% 9 I 2, OBS3 411% NO /K- &5 TR M 4L,
B2 F L5 L (P>0.05) ; OBS3 41# ET-1
KL OBS1 41 14. 51% (P<0.01) ; OBS3 £H ()

eNOS 7K3F L OBS1 411 16.23% ( P<0.01) ; OBS3
20 ) NO/ET-1 Ht{H . OBS1 4H & 19.31% (P<
0.01),

% 8. FIP 5 FMD I[85k &1 Logistic BJ3 4 %7

Table 8. Logistic regression analysis of the relationship
between FIP and FMD

= FMD 2 ik FMD 21

/i P
(n=147) (n=192) OR(95% CI)
& FIP 4 61 119 1. 000 -
1% FIP 44 86 73 0.575 0.034

(0.345 ~0.959)
TE: OR X R 3 0] RE 5% W 108 73 B S RE A TR R EAT TR E : 47
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MR PR O MBS B R A
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Table 9. Test results of endothelial biochemical indicators among different OBS groups(n=339)

i NO/ ( pmol/L) ET-1/(ng/L) eNOS/ (U/L) NO/ET-1
OBSI1 55.15+£5.93 47.55+3.77 11.34+2.06 1.17+0. 18
OBS2 54.10+5.99 47.25+7.00 11.36+1.73 1.18+0.26
0OBS3 57.60+5.94 40.65+5.62 9.50+2.01 1.45+0.27
P 0.079 0.001 0.001 0.001
P<0.01 P<0.01 P<0.01
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Figure 2. Comparison of vascular endothelial biochemical indicators among different OBS groups(n=339)

ANTH) OBS £H 518 CIMT 1 FMD it 46 1 2% 5 1L
F10 ME 3, BEE OBS {HIhN, CIMT 32 #i AR,
OBS3 ZH[#% CIMT [t OBSI £H1% 24. 73% ( P<0.01) ; 7]
i, CIMT 5% (CIMT>1. 00 mm) F{ & 2 He 2 i R
F%,0BS3 41 CIMT 53 Eufi Eb OBS1 411X 67. 96%
(P<0.01), FfizF OBS {E 3% i, FMD & Fh & #a 3,
OBS3 41/ FMD Lt OBS1 4% 17. 15% (P<0.05) ;
FMD 5% (FMD<6% ) 1) & A= L f6i] 32 i 41K, OBS3
ZH FMD S Ll e OBS1 ZHA 61. 85% (P<0.01)

% 10. R[5 OBS A% CIMT #1 FMD #4558 (n=339)
Table 10. Test results of CIMT and FMD among
different OBS groups(n=339)

CIMT>1 mm/
[#i1(%) ]

FMD<6% /

FMD/ % (%) ]

Aye CIMT/mm

OBSI  0.93x0.21 40(36.70) 9.37+2.71 28(25.69)
OBS2  0.82+0.20 25(19.53) 9.50+2.81 21(16.41)
OBS3  0.70+0.21 12(11.76) 11.31%3.32 10(9.80)
P 0.001 0.001 0.015 0.009
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Figure 3. Comparison of CIMT (A) and FMD (B)
among different OBS groups(n=339)
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i 11. OBS 5 FMD I[85 & # Logistic E Y3434 (n=339)
Table 11. Logistic regression analysis of the relationship
between OBS and FMD (n=339)

= FMD 44 {ik FMD 4

OR(95% CI P
(n=147)  (n=192) (95%CI)
0BSI1 32 77 1.000 -
0.535
0BS2 60 68 0.047
(0.289 ~0.992)
0.397
0BS3 55 47 0.006

(0.206 ~0.766)
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