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(HZE] BH ShEAZEHES S 28R LG (polycystic ovary syndrome, PCOS) & Jf
Ji & 2 1L AE (hyperinsulinemia , HT) K BRI £ 28 BUBPEH8 %L (insulin sensitivity index, ISI) (PG, ik &
B 140 H 3 JH ¥ SPE £ SD Wit R By UFFE X 4, i 45 PCOS K4 Jf HI KU RL (X R4 70 H) F1 PCOS &
I HI R B AL (BFSE2H 70 H) & B8N 5, IR (8 22 8% 360 6 75 4G I O B DY 68 0% Wy B8 A L 1L 3D ) 27 48 b
R 7 R IURFAE , il BB K it LADEAl IST. 107 /5 45 3 BIF 29 20 K B TP OBUIIE B AT, LT 8 R4 T 3K
ANEEH 0 L3 8 S5, 2 2 TAE I £k (receiver operating characteristic curve, ROC) , 737 % (4 £ 3
PR SO0 PCOS & 9F HI KBTI . &R F 54150 3 518 B (total area, TA) | B 5L {4 F1
(ovarian volume,OV) B & [f] & 1] fH (interstitial are, SA) . Ifil & 1k 35 %X ( vascularization index, V1) | Ifil /i 38 %X
(blood flow index,FI) .25 §f il & & ( fasting insulin, FINS) #0125 §# Ifil ## ( fasting blood glucose, FBG ) ] K F X I
4, B 71 48 £ (vesistance index, RT) (48 5l 4 ( pulsation index, PT) F1 IST ¥/h T X IRE4H , 22 AT Ge it 2838 L (P<
0.05) . BF5T41 TA SA 5 IST 5 5 K19 (r=—0. 501 ,r=—0. 492, P<0.05) ,RI.PT 55 IST & iF #13¢ (r=0. 5047
=0.485,P<0.05), Jrak B4 TA OV .SA VI FI VFI PSV PDV % )& g% (9 JH [& B . FPG .FINS .LH . FSH
INFIFHONFELL RLPL R FIFRUREA , 2R G G2 L (P<0.05) . ROC £k sr#r in , B L
R 2 0BG VA I IR YT RO RO R 5 4R 0 D 90. 9% . 90. 2% , il £ T T AR (area under the curve,
AUC) K 0.901, £t BOZEEHESSHE PCOS G Jf HI R EM ISI I K7 B BA EI KA.
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[ Abstract]  Objective To analyze the relationships between color Doppler ultrasound parameters and insulin
sensitivity index ( ISI') and clinical efficacy in rats with polycystic ovary syndrome ( PCOS) combined with
hyperinsulinemia ( HI). Methods

PCOS without HI model ( control group, n=70) and a PCOS combined with HI model (study group, n=70). After

A total of 140 3-week-old female SD SPF-grade rats were divided randomly into a

successful modeling, we used color Doppler ultrasound to detect the physical indicators, hemodynamic indicators, and
ultrasound features of rat ovaries, and draw venous blood to evaluate ISI. Rats in the study group were treated with
metformin by intragastric administration. The color Doppler ultrasound parameters of the good-effect and the poor-
effect group were compared and a receiver operating characteristic curve (ROC) was drawn to analyze the value of the
color Doppler ultrasound parameters for evaluating the curative effect of metformin in rats with PCOS combined with
HI. Results The total ovarian area (TA),

index (VI), blood flow index (FI) ,

ovarian volume (OV) , ovarian interstitial area (SA), vascularization

fasting insulin (FINS) , and fasting blood glucose (BFG) of the research group
were all greater than those of the control group, while the resistance index, pulsatility index and ISI were observed
significantly lower compared with contrast, there were obvious difference (P<0.05).
r=-0.492,
r=0.485, respectively, P<0.05). TA, OV, SA,

VI, FI, VFI, PSV, PDV, low-density lipoprotein cholesterol, FPG, FINS, LH, and FSH were all significantly lower

The color Doppler ultrasound
parameters TA and SA were negatively correlated with ISI (r=-0. 501, respectively, P<0.05), and

ovarian RI and PI were positively correlated with IST (r=0.504,

while RI and Pl were significantly higher in the good-curative-effect group compared with the poor-curative-effect

group (all P<0.05). According to ROC curve analysis, the sensitivity and specificity of color Doppler ultrasound
parameters combined with clinical efficacy were 90. 9% and 90. 2%,

(AUC) was 0. 901.

respectively, and the area under the curve

Conclusions Color Doppler ultrasound parameters are closely related to ISI and therapeutic

efficacy in rats with PCOS combined with HI, and may thus predict clinical efficacy in patients with these conditions.

[ Keywords ] polycystic ovary syndrome; hyperinsulinemia; color Doppler ultrasound; correlation;

efficacy evaluation
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IVC & 4t 3 ¥y 18 3¢ % 9 1) 37 [ SCXK (5t) 2018 -
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YT A WA A, 5 E #E 20152400373 ) 5 8 K
H: i Z (luteinizing hormone , LH ) & 7] & (dt 7T K
WA TR A R A, 500 fE 20152400386 ) ;
B 70 ) 38 2 (follicle stimulating hormone , FSH ) ix
g (A 5t R AW T 7 A BR 2 vl ot 25 1 B
() “F 2000 45 2400845 ) ;25 J§ I 19 2% ( fasting
insulin, FINS ) 3050 & (b 50 ROUAE Y TR A RA
H), BAE E 20152400374)

B L (FEER K Sorvall ST 40,75 H) ; F+:5)
KHLCREE , D) 5 A=k 23 B A (38 B BS200, h
() 5 bR 73 7 A% (Infinite F50, 3 1) 5 5206 E
i PCR X (ABI7500, £ [H) s /NS R (0 2 % #)
B WAL AL (MYLAB™ Sigma VET |, Esaote, & K
7).

1.3 SLWAHE
1.3.1 Zr#H 5ibEs

W SR T d O, R RS HL B R A Y )
Py AR SR, 43 0 i 4 PCOS & JF HI R B
RI(BFFE2H ,n="70) F1 PCOS K& Jf HI K [ A5 A
(XTHEAH ,n="70) . W55 4 K B4 T & b & s i
BERFE L1 R, 25 9 JRR, 1) R B STAR i 45 9 mg
Tt 2 3 L S ) M s RS, R OR 1 WK, SR T 3
Jil o 3 FiJE R R BUR ki, K BRUAE ARk 24 h
Ja, R 4 23 MR K I I 2 FINS R 23 ] i b
(fasting blood glucose, FBG) 7K 3%, 1154 ISI, i} &
AN 1SI=-In (FBGXFINS) i 1% it K i 2y B
PCOS & Jf HI K Rl xf B8 2H K B 45 77 3% 3 1) Bl
MR AR AR 1 [ B E4H
1.3.2 #HEKE

K O BRURR I J AT [ 5, I - i1 % B 2 iR
AUHEAT B AL B PR A ) T L 2% 19 5 R
Wk AE 7 R B, /N S W R 18 22 3% Byl 7S AR
ICE AR 7.5 MHz £83% , LA e S b 2 70 3 Al
K- T2 7% 2, 88 A K BRUBR 55 47 3, 150 ik
PhEE 5 MR 48 kHz, (= 38 8 U 2% 4 Hz, WL 22 P 5L
TR, 18 43 N 9 50 he: i 22 1) ) T 0 B9 B
I FH (total area, TA) | UP 8 {& F2 ( ovary volume,
OV) . [H] 5z 1f] #2 ( stromal area, SA) | Ifil % ft 45 %k
( vascularization index, VI) . Ifil 3% 38 %% ( flow index
FI) . 1ML 4 4k 1M 3% $8 %% ( vascularization flow index,
VFL) | W 46 9 1M 3 W% {5 3 & ( peak systolic
velocity, PSV ) | &F 5K M i i 4 (B 3 JE ( peak

diastolic velocity, PDV ) | BH JJ #8 % ( resistance
index , R1) F1 51 &% [] J5i 3y Ik 45 3l 48 4 ( pulsatility
index,PI)
1.3.3 NI CR KA 4

KEES & 25k 24 h J5, R K BB ## Bk 1
5 mL,3000 r/min B.0> 10 min, g4 2 M7, %
FHHL Ak 2 15 00 5E 1ML 7 52 B ( testosterone, T) | LH
F1 FSH,
1.3.4 JRYT Ik

RN I A, PR R A 1 4 T — H X
I, 45 R TG U, B 5] i Dy 0. 25 g/kg, R 4E 4 ] 5
X HEZH R BRAH [ B[] 28 1 45 7 4 AR B LR K,
Frez 4 .
1.3.5 I RYT BT A

(1) S &% R BRI e 3 5 55 I R i R 2k o
FBG: 3.3 ~6.1 mmol/L, & J5 120 min [l . <
7.30 mmol /T , P 2 I i 1Y 45 46 AR FEAS b T 1F
HICH o (2) A %0 KRR 5 w55 I R RE R R
AWK, FBG:6.20~7.02 mmol/L, % 5 120 min
MBE(E<7. 97 mmol/L, (3) TR : Rk LA bR,
18 SR R R R 23 SR I AR R G 2 R ROA
(E2EIN
1.4 ZHFEFE

fdi )1} SPSS 26. 0 K {4 3k 47 $ 4 o3 B, 75 & 1E
oA AT GO S R bR ME 22 (xxs) Ko,
17 0 K5 o AHSCAE R ] Pearson FHIE 73 Hr , 2 A R
Logistic [a] 15 43 M7 % {8 2 35 ) i 75 2 45 PCOS
A1 HE K B R ST R0 K &, 2 E TAERE
(receiver operating characteristic, ROC) fij £k 43t
A0, 22 0% B 2 H06r PCOS & JF HI K R IR
JrRH WAL I B, B B KN «=0.05, Lk P<
0.05 A W EME2 R

2 #R

2.1 EAXRIGEKRSELLE
A 5% 20 K BRI o R o o s A e TR LR
#JE . TA.OV . SA VI FI VFI PSV PDV FINS,
FPG 4/ F X B4, RI PI IST ¥/ F % B 41 ( P<
0.05,P<0.001), WA FK i, 4HREMH, 25
TG X (P>0.05) L& 1,
2.2 HBasLTHBESHS ISIMEXESR
Pearson A PE AT /R, B 2 @S S
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$OTA SA 15 IST 2 M 56 (r=-0.501,r = HIEPE(r= 0.504,r=0.485,P<0.05) , HAxilfi i
-0.492,P<0.05) , G0 &L RIS PLI Y ISL2IE 2805 ISLIMCIE(P>0.05) . WLk 2,
R FARRIGKRSEOLE (vxs)

Table 1 Comparison of clinical data between each group of rats(xxs)

I K 2 %% WS4l (n=65) Xf HEEH (n=60) . »
Clinical parameters Study groups Control groups
5;;‘:;}::“ 18. 63+0. 07 18. 65+0. 08 1. 490 >0. 05
ﬁi%:i 277.04x8. 16 205. 87+7. 74 49.933 <0. 001
Wﬁﬁ%iﬂ{/skg/mz) 7.98+0. 32 5.92+0.26 39.304 <0. 001
Body mass index
Wﬁ}g};’lm}lg 116.49+12. 23 108. 42+ 11. 26 3.828 <0. 001
REA 85.36+8. 69 75.02+8. 01 6. 900 <0. 001
DBP
TA/em’ 0.61+0. 06 0.55+0. 05 6. 046 <0. 001
OV/em’ 15. 68=0. 44 13.74x0. 36 26. 848 <0. 001
SA/em? 1.52+0. 16 0. 85+0. 08 29.232 <0. 001
VI/% 6.590. 70 5.58+0. 65 8. 340 <0. 001
FI 55.96+6. 52 48.96+5. 03 6.681 <0. 001
VFI 3.36+0. 41 2.93+0.32 6.499 <0. 001
PSV/(em/s) 18.85+1. 92 16.98x1. 75 5.675 <0. 001
PDV/(cm/s) 14.59+1. 57 12.26+1.38 8.782 <0. 001
RI 0. 82+0. 09 1.4120. 15 26. 902 <0. 001
P 0. 68+0. 07 0. 820. 09 9.478 <0. 001
FINS(mU/L) 21.23+2.17 17.961. 81 9.108 <0. 001
FPG (nmol/L) 11.38+1. 05 10. 45£ 1. 06 4.925 <0. 001
11 -5.49+0. 62 -5.230. 63 2.324 <0.05

®2 RHOZEEEE SIS B

Table 2 Correlation analysis of color Doppler ultrasound parameters of ISI

R 23 B 5 B K 1l
Color Doppler ultrasound parameters T P

TA/cm’ -0.501 <0.05

FI -0.206 >0.05

VFI -0.195 >0. 05
PSV/(em/s) -0.187 >0.05
PDV/(em/s) -0.163 >0.05

RI 0.504 <0.05

PI 0. 485 <0.05

TA/em’ -0.187 >0.05
oV/cm’ -0.202 >0. 05

SA/em’ -0.492 <0. 05
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2.3 “HXAESTE PCOS &5 HI K RH#
B EHEBESYRIGKRIERLE

INA Z BB U, 25 R 3 W 7 R R
MR ERA 20 H AR 35 2L WA R4, 0
10 P ATF AL, S AL R 441 TA OV,

KTPIFRONMEN , 27 H
W 3,
2.4 HAEZLHESSHI PCOS 53 HI KR
Il R 7 30 8 VE 4k 1 1B

ROC i1 240 Hr, 45 5 W /s 12 70 0 452 780 1) 2R 0

LA i3 2F s L (P<0.05)

SA VI.FI VFI PSV PDV (K% FENEHE AL E B, B FES 00 90.9% 90. 2% , 1 £k T i FH ( area
FPG .FINS .LH . FSH ¥ /N FI7F AL A, RI.PI 2§ under the curve , AUC) & 0.901, ULK 1,3 4,
x 3 AFEYTRCT R G Z 5 E 875 S5O R85 L5
Table 3 Comparison of color Doppler ultrasound parameters and clinical indexes under different therapeutic effects
RN TR R AT I CN R P
Index Good efficacy groups Poor efficacy groups
TA/em? 0.50+0. 06 0.58+0. 08 3.679 <0.001
oV/em® 13.78+0. 61 14.29+0. 62 2.426 <0.05
SA/cm? 0.96+0. 09 1.21+0. 08 8.204 <0.001
25 )
B VI/ % 5.69+0. 62 6.64+0. 65 8.362 <0.001
LR £ FI 42.26+5.12 46.69+5. 14 4. 824 0.001
Color Doppler o oo ’ <
01 de VFI 2.85%0. 32 3,310. 32 8.029 <0.001
uitrasoun PSV/(cm/s) 11.15=1. 30 13.26%1. 41 8.705 <0. 001
parameters PDV/(em/s) 7.52+0.71 8.78+0. 82 9.203 <0.001
RI 1.28+0. 15 0.79+0. 10 21.305 <0.001
PI 0.74+0.07 0.62+0. 08 8.941 <0.001
KW E B/ (U/L) ALT 22.26+2.53 23.64+2.45 1.594 >0. 05
A R/ (U/L) AST 20.26+2. 45 21.84+2.31 1. 891 >0. 05
Hh =#§/ (mmol/L) TG 1.23+0. 16 1.31+0. 15 1. 467 >0.05
A4 HH & B (mmol/L) CHO 4.68+0.48 5.01+0.52 1.976 >0.05
%5 8 I8 4 1 HH [ %/ ( mmol /L) HDL 1.52+0. 16 1.43+0. 16 1. 636 >0.05
WG pE4ehn MR A 2B (4 BH 5 B2/ (mmol/L) LDL 2.61+0.30 3.01x0. 32 3. 841 <0. 001
Clinical FPG/( mmol/L) 11.02+1. 15 11.89+1.42 2.123 <0. 05
indicators FINS/(mU/L) 18.69+1.96 20.14+2.21 2. 111 <0.05
LH/(mIU/mL) 10. 15+1. 17 11.05+1.76 2. 060 <0.05
T/ (ng/dL) 31.62+0. 16 32.73+0. 19 1. 944 >0. 05
FSH/ (mIU/mL) 3.42+0.41 4.08+0. 57 4.399 <0.001
W 4 = /mmHg SBP 110.56+12. 14 115.35+11. 62 1. 155 >0. 05
# 9k JE/mmHg DBP 83.36+9.95 86.74+10. 26 0.984 >0. 05
10 7 : 3
1 il 2 ke YR
| - | / Source of the curve
‘ ‘ [ — TA
08 S . — L — OA
\ ‘ SA
: L VI
FI
0.6 i} VFI
- PSV
w5 & PDV
B2 f RI
™ g 04 I s P
ke B 7 S A TR A
| Ultrasound parameter
r combined prediction model
SH L
0.2 ‘ Reference line
0.0 ’ ’
0.0 0.2 04 0 6 0.8 1.0
14 52
1- Spcmﬂcny
1 BOZE% 5 SHHE PCOS G IF HI K RIGRYFALH ROC £

Figure 1 ROC curves of color Doppler ultrasound parameters for assessing clinical efficacy in rats with PCOS combined with HI
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2.5 ZEZE Logistic AN MERBESEHES

S# 5 PCOS 5 HI KR IGKRT R X R
BERBRRES T EZRAR T EXHH

FZAEN H A PCOS & I HI KU R 7 254

R A 1T 2 &R Logistic Al 15 3 #r , 45 2R
%,TA\OV\SA\VI\FI\VFI\PSV\PDV\RI\PI\
FINS .LH .FSH ¥ 2% i PCOS & 3 HI K Kk IR
SPRUM ARG ZR (P<0.05) . W& S,

F 4 BEEIINE ST PCOS 43F HI KRGS EH ROC 1257
Table 4 ROC curve analysis of color Doppler ultrasound parameters to assess clinical efficacy in rats with PCOS combined
with HI
¥ . ‘ - Py
Ui pesmst Twid Sty Sowiioty auc(ssw o
TA/cm’ 0.52 79.53 88. 25 0.773(0.598~0.947)
oV/cm® 13. 82 88. 62 80. 46 0.726(0.546~0.907)
SA/cm’ 1. 06 84.11 88.26 0.788(0.682~0.894)
V1/ % 6.35 79.59 85.53 0.806(0.678~0.935)
FI 44. 26 72.91 88.16 0.753(0.576~0.929)
VFI 3.18 80. 26 84.36 0.758(0. 6465~0.870)
PSV/(em/s) 12. 09 76.53 80. 60 0.776(0.641~0.912)
PDV/(cem/s) 8. 06 82.92 85.46 0.773(0.628~0.918)
RI 0.92 85.42 86. 37 0.727(0.610~0. 845)
PI 0.75 84.22 82.85 0.725(0.559~0.892)
T 2 R A T A TR
Ultrasound parameters - 90. 93 90. 27 0.901(0.825~0.976)

united predictive models

x5

Z M E Logistic [ml 17047 (0 2 3% )18 75 2 45 PCOS & I HI KRR R T 241 56 &

Table 5 Multifactorial Logistic regression analysis of color doppler ultrasound parameters in relation to clinical
outcomes in rats with PCOS combined with HI

LEVEE 3¢ B1H SE {8 Wald { P A LE (95% B A5 X )
Ultrasound parameter B coefficient Standard error Wald statistic OR(95%CT)

TA/cm’ 0.280 0.113 6. 140 <0.05 1.323(1.079~1.567)
OV/cm’® 0.921 0.252 13.357 <0. 05 2.512(1.225~3.799)
SA/cm’ 0.332 0. 098 11.477 <0. 05 1.394(1.054~1.734)
V1/ % 0.412 0. 092 20. 055 <0.001 1.510(1.033~1.987)
F1 0.523 0. 163 10. 295 <0. 05 1.678(1.123~2.251)
VFI 0.369 0. 086 18. 410 <0. 05 1.446(1.006~1.887)
PSV/(em/s) 0.715 0. 152 22.127 <0. 05 2.044(1.236~2.852)
PDV/(cm/s) 0.810 0. 149 29.535 <0.001 2.248(1.325~3.171)
RI 0.759 0. 163 21. 682 <0.001 2.136(1.423~2.849)
PI 0. 696 0.159 19. 161 <0.001 2.006(1.526~2.485)
ﬁﬁ(rifi%]f HSDE%/ 0. 126 0. 083 2.305 >0. 05 1.134(0.986~1.267)
FPG/( mmol/L) 0.115 0.074 2.415 >0. 05 1.122(0.904~1.242)
FINS/(mU/L) 0. 185 0. 054 11.737 <0. 05 1.203(1.015~1.391)
LH/(mIU/mL 0. 481 0. 093 26. 750 <0.001 1.618(1.011~2.224)
FSH/(mIU/mL) 0.623 0.202 9.512 <0.05 1.865(1.105~2. 624)
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3 iTFig

PCOS % i % Bifi A5 15 3 955 10 728 4k 78 4F 18
JUE HETA & PCOS IR 5 8 £, 5 HOpw IR f &
WMLH A R A, BA KRB S 2, € XN NiZ
2 5L 2R R A O R KR R E R
I R FR B R HA ) A e R ), T OHI
YE R AR # B0 00 I L R e N R 5
JEPEFE 5 R A B LR il A bF 5 &
B, B E PCOS R i 5 mEER .
HAjllg R 26T PCOS & 31 HI iz i ik i £,
[f] —Fp 7 e AN R ST b s AR R . K
I, HE B G I PCOS & 3 HI Y7 2Tl 77 2T
T e h 12 W 3 A PCOS I 1 3 & E & A= AU EL
HEEE L,

5 TR L, R (0 2 S R R B
£ 21 G 5L [ A o O AL 0 1 0, I R Rt 2
e R 7R ARAS I I 2 B0 AR AR, AT B = 4 B B
T 1) S A R L AR WF 9 E a5 PCOS
A IF HI KRB AL B O @ 2 35 ) 75 S 5ot
TiEWivEAl . B R PCOS B35 &9 I R E 18 2
Z 0 H B9 508 2 R i AR Ae B o B B Xt g
A0, 22 ) RS R A BN R O )k 12 T 7 X
Z—o MR FRW, AEIEF O i ), OF L Py O i oK
INAS — T B AL S A 0 A /)N B9 AR S ik R L L
26 25 WURL A0 I, 3 26 J5URE 240 i 76 1E 3 RS T B M
BTN EL N IR . HE PCOS (3 Hop &L
B J53 4k T~ 22 58 Mtk 2, B9 S A 5T 3 bk i i F
B, ORI I A TR R 3R e O e I AR ik B
TR AR B, R AR R 2 1 n 2> S 2o Bl R
02y N T R 1 D A A TR i
TR R B S 448, I B 4 16 1 919 52 90 155 200 i
FEA A 2 IR (0 AN M 3R T A R Y R S R A2
PRECR D TS 0008 19 2 BURPE AR T
I R KO B R S W E R O A Kk
B /N RO 2, U AL SA B K, DR S PI
FOOR L R FRAR . e 4 S 2000 1 300 B B, g
BUE O HE M B A BT AR S 2 4R AL, i R HE
BRREAR T I, PCOS M W W A4 IF HI Y
%, VI.FI _RI.VFI PI PSV PDV ¥ {4 £
R 19 T 2h 1 2= S8, 4y AR 3R A fk R
PR s L BH 7 48 R i 4 AR I i R L O 5L TR

J53 5y Wk 4 2 i Hc e 4 19 i g s (R B R L EF 5K
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