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(ovarian volume,OV) B £ [A] 57 18] #X (interstitial are, SA) . Il 45 1 #8 %X ( vascularization index, VI) | Il i 5 %X
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[ Abstract]
sensitivity index (IST) and clinical efficacy in rats with polycystic ovary syndrome ( PCOS) combined with
hyperinsulinemia (HI). Methods A total of 140 3-week-old female SD SPF-grade rats were divided randomly into a
PCOS without HI model ( control group, n=70) and a PCOS combined with HI model (study group, n=70). After

successful modeling, we used color Doppler ultrasound to detect the physical indicators, hemodynamic indicators, and

Objective To analyze the relationships between color Doppler ultrasound parameters and insulin

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

The total ovarian area (TA), ovarian volume (OV), ovarian interstitial area (SA), vascularization

significantly lower compared with contrast, there were obvious difference (P<0.05). The color Doppler ultrasound
parameters TA and SA were negatively correlated with ISI (r=-0. 501, r=-0. 492, respectively, P<0.05), and
ovarian RI and PI were positively correlated with ISI (r=0.504, 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
while RI and PI 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%, respectively, and the area under the curve
(AUC) was 0.901. Conclusions

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

Color Doppler ultrasound parameters are closely related to ISI and therapeutic

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

efficacy evaluation

Conflicts of Interest: The authors declare no conflict of interest.

22 % B B 25 5 4iF (polycystic ovary syndrome,

1 ##FTTE

PCOS) J& LAE FE B i | N 73 b 5 i AR 2L 55
FRIERSH DU, 22 0T B DL B i i e 2ok
SRR LR 5% ~18% "7, PCOS LA H &R0 R
2P 2T PRI AN Ry FEER I, A e vEAh
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T 3 AR T A (R 2 Bl 2 1 R A 9% T S5 B 4
B IZE 51239 4L (NRIFH 21-2207-1) , SEB N AAF
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YT ARRA R A, 5 ME 20152400373 ) 5 B
H i E (luteinizing hormone , LH) 457 & (db 5T K
WA TR PR |, 5t il #E 20152400386) 5
BRIV 34 & (follicle stimulating hormone , FSH ) 32t
P& (AL KA Y TR A PR WA, 38 25 WAl
(1) 5 2009 26 2400845 5 ) ; 25 MR JR 5 2K (fasting
insulin, FINS) 057 & (A0 KUY TREARA
A, FUB T 20152400374)

BDHL(FEER K Sorvall ST 40, {5 [E) ; FF52)
KO, TP ) 5 2R 4620 B A (3 3R BS200, P
) 5 BEbR 3 A (Infinite F50, 1) 5 SEH 7GR
it PCR Y (ABI7500, 3£ H) ; /N W (8 2 - )
B R (MYLAB™ Sigma VET | Esaote, & K

) o
1.3 SLIEAHE
1.3.1 e 5

N PERSR T d I R FHBEHLECE R A o)
PSR AR SR, 43 5l AE PCOS & 31 HI K U
R (BFFE4L,n="70) Il PCOS A4 I HI K A A
(X2, n=70) . BF5E A K B4 T e Bl e IR 4l
BHRFE 118, T25 9 JE, ) R SRS 5 9 mg
B R 7, S ) S R, K 1 IR JE SR TS 3
Jilo 3 FlJE R R BB E kI, KA 2R K 24 h
Ja, SR 4R 23 R iR K I GE FINS 125 18 i 4
(fasting blood glucose , FBG ) 7K, 115 1SI, 115
AR 1ST=—In (FBGXFINS) ., fiff 26 3 A58 A ) £y
PCOS &9 HI KB, XF BEAL K B 45 738 38 1)
IR, Ry Rt
1.3.2 R

W R SRR I 2647 [ 5, - i 2 3] B I
MYEAT R BAL B, A A 0T E] LA 2% 1Y S 98
WELESF R, 0 HT/NSh 0% (6 22 3% 3 75 18
AR 7.5 MHz 58k, DABS IE A b i 7 2 L
FKF- 5 T 3h 8% 2y, 48 A R B DN 507 B, & ik
ST 48 kHz, (i I 4% 4 Hz, WLEE 0P
TEASFII NN, PR 45 51 6 $5 12 e 22 1) V1) T DU & B9 £
[ R (total area, TA) | P S5 AR (‘ovary volume,
OV) . [a] 5 1 FH ( stromal area, SA) | I % 1L 45 %X
(vascularization index, V1) | Ifil 7t #§ X (flow index,
FI) | If.%5 4k I 3% 8 %X ( vascularization flow index
VFL) | Wi 45 9 0l 3 0% B 3 FE ( peak  systolic
velocity, PSV ) | & 5K 0 Ifil it 0§ {5 3 & ( peak

diastolic velocity, PDV ) | FH 7 4§ %X ( resistance
index, R1) 1519 52 11 5 2 40 51 45 5 ( pulsatiliy
index, PI) .
1.3.3 WM E KRG A

REEE R EEK 24 h J5, R K BR # ki
5 mL,3000 r/min &.0> 10 min, W8 )2 I3, K
FHHE Ak 27 15 0 % 1L 75 52 i ( testosterone, T) | LH
FI1 FSH,,
1.3.4 JRITITEk

R Ja, PR R B & 1 4 T R
W, B R PR, BRI R R 0. 25 g/kg, FF2E 4 JA;

ol FR ZH A BB [] B ] 28 10 25 T S5 R AR AR B R K
Frek 4 A,
1.3.5  IGRARITFRGEAN

(1) 3 850 R B I s 49 o 55 i PR RE R 2K o
FBG: 3.3 ~ 6.1 mmol/L, % J5 120 min Ifil #%. <
7. 30 mmol/ L, PEFLZE I AE (1) 45 Wil F8 A FEA AL T 1E
T, (2) AR KB 3 i S5 I R AT AR A
AWK, FBG:6.20~7.02 mmol/L,%& J5 120 min
IfBE <7. 97 mmol/L, (3) JE&k: KikLh FhrifE,
AT AEAR o DR B3 DR o AR R A A RO
(BTN
1.4 FitFEFZE

ffi ] SPSS 26. 0 #AF e AT 848 730, F5 5 1E
O R TR B hRE 22 (v2s ) RoR i
ATt K56, AR Pearson AHE 04T, Z A&
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B I HI R B RST R0 5C & 21l E TAERRE
(receiver operating characteristic, ROC) [l £k 43 #7
A0 2230 R A S50 PCOS A 91 HIT K RUIG IR
FER VAL AN B, K 30 K HEA o= 0.05, LA P<
0.05 WA RFEMIESR,
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BOTA SA 5 IS B A GHE (r=-0.501,r = AHKMHE(r= 0.504,r=0.485,P<0.05) , HAp A
-0.492,P<0.05) , P 5. RI GP &L PI 45 1SI £ 1F ZH05 18I TCA M (P>0.05) , W32,
F 1 HAKRRGKSEOLE (vxs)

Table 1 Comparison of clinical data between each group of rats(x=+s)

K%k M54l (n=65) X I (n=60) . p
Clinical parameters Study groups Control groups
;L{:;;fl 18. 63+0. 07 18. 65+0. 08 1. 490 >0. 05
Kf%: Sgs 277.04+8. 16 205.87+7.74 49.933 <0. 001
PR (,kg/mz) 7.98+0. 32 5.92+0. 26 39. 304 <0. 001
Body mass index
”Mﬁ’g;“ml{g 116.49+12. 23 108. 42+11. 26 3.828 <0. 001
@%%{e)};—ﬁgl;ang 85. 36+8. 69 75.02+8. 01 6.900 <0.001
TA/cm? 0. 61:0. 06 0.55+0. 05 6. 046 <0. 001
OV/em® 15. 68+0. 44 13.74=0. 36 26. 848 <0. 001
SA/cm’ 1.52+0. 16 0. 85+0. 08 29.232 <0. 001
VI/% 6.59+0. 70 5.58+0. 65 8.340 <0. 001
FI 55.96+6. 52 48.96x5. 03 6.681 <0. 001
VFI 3.36+0. 41 2.930. 32 6.499 <0. 001
PSV/(em/s) 18.85+1.92 16.98+1.75 5.675 <0. 001
PDV/(em/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
PI 0. 680. 07 0. 82:£0. 09 9.478 <0. 001
FINS(mU/L) 21.23£2. 17 17.96x1. 81 9.108 <0. 001
FPG (nmol/L) 11.38+1.05 10. 45+1. 06 4.925 <0. 001
ISI ~5.49+0. 62 -5.23£0. 63 2.324 <0.05
F 2 BOZLEYE A SE IS PR NE ST
Table 2 Correlation analysis of color Doppler ultrasound parameters of ISI
PALEZ T e 24 ISI
Color Doppler ultrasound parameters r P
TA/cm® -0. 501 <0.05
FI -0.206 >0. 05
VFI -0.195 >0. 05
PSV/(cem/s) -0.187 >0.05
PDV/ (em/s) -0.163 >0. 05
RI 0. 504 <0.05
PI 0.485 <0.05
TA/cm® -0. 187 >0. 05
oV/em’ -0.202 >0. 05
SA/cm’ -0.492 <0.05
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2.3 “HNAGEIT/E PCOS &3 HI KRWF  KTIracMEd, 2R BASRIH¥E L (P<0.05),
B L EBESHKIGKRIERILE W23,

IMAZH ARG, 8RR PP R 2.4 HESETHEESHI PCOS A3F HI KR
FIRERA 20 2 3035 B BWAIFRRIFA, B IGFRTSEIEHNE
10 R ATF RN ELL, PR 4 TA OV, ROC HHER 51T, 45 5 i 7= 1 O AL 784 1) R i
SA VI FI VFI PSV PDV % AR E AHEIEE, B2 RERFESH 90. 9% .90. 2% , 4k T A (area
FPG FINS .LH . FSH ¥I/NTIr 2040, RI.PL ¥ under the curve,AUC) 4 0.901, WK 1,3 4,

RT3 OREYTCT R G2 8 H S5O R R L

Table 3 Comparison of color Doppler ultrasound parameters and clinical indexes under different therapeutic effects

E =17 TR R4 JTRAEEL . P
Index Good efficacy groups Poor efficacy groups
TA/cm? 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
0 % ) SA/cm? 0. 96+0. 09 1.21+0. 08 8.204 <0. 001
PEZR VI/% 5.69+0. 62 6.64+0. 65 8.362 <0. 001
S
Color Do FI 42.26+5.12 46. 69+5. 14 4.824 <0. 001
“1‘” "ppder VFI 2.85+0. 32 3.31=0. 32 8. 029 <0. 001
ultrasoun PSV/(em/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
NHNEEE R/ (U/L) ALT 22.26+2.53 23.64+2. 45 1.594 >0. 05
KREEE G/ (U/L) AST 20.26+2. 45 21. 84+2. 31 1. 891 >0. 05
H i =/ (mmol/L) TG 1.23+0. 16 1.3120.15 1. 467 >0. 05
S EE (mmol/L) CHO 4. 68+0. 48 5.01£0.52 1.976 >0. 05
TR 2% IR 7R 1 AR R/ (mmol /L) HDL 1.52+0. 16 1. 43+0. 16 1. 636 >0.05
Wapegshn (RS BEAS R A IE [ B/ (mmol /L) LDL 2.61+0.30 3.01+0.32 3. 841 <0. 001
Clinical FPG/ ( mmol/L) 11.02+1. 15 11.89x1.42 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 32.7320. 19 1.944 >0. 05
FSH/ (mIU/mL) 3.42+0. 41 4.08+0. 57 4.399 <0. 001
W45 5/ mmHg SBP 110. 56+12. 14 115.35+11. 62 1. 155 >0. 05
&3k J./mmHg DBP 83.36+9. 95 86.74+10. 26 0. 984 >0. 05
H ‘ 112 3
/ ‘ - [ Source of the curve
‘ / — TA
0.8 41| A — OA
‘ \ SA
| L VI
/ FI
0.6 1 VFI
. PSV
| ‘§ o PDV
BZ / o
® g 04| | __ Pl
& RS S HA TR
| Ultrasound parameter
r combined prediction model
0.2 ‘ Reference line
0.0 1 ‘
0.0 02 04 0.6 038 1.0
15
1-Specificity

1 RO ZEATAE PCOS & F HI KRR RIFRLH ROC 14k

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 A MERSE#HER  HHLZEHFITEZHE Logistic MIIH4HT, 45 £
SH 5 PCOS &7 HI KRIGKTFHMEE 75, TA OV SA VI FI, VFI,PSV PDV RI,PI,
B LRI R 22 7 A0 G B W FINS .LH . FSH #4250 PCOS &7 HI K B K
FZ1EN AR ¥ PCOS &1 HI KEURIRITRUE PG &R (P<0.05) . L& 5,
x4 BOZWHBRESEIEM PCOS A3 HI KRIGIRIT A ROC HiZes#Hr

Table 4 ROC curve analysis of color Doppler ultrasound parameters to assess clinical efficacy in rats with PCOS combined

with HI
Ay ; R d: G iy
Ui paste Tl oty Spoiiy ueos% o
TA/cm? 0.52 79.53 88.25 0.773(0.598~0.947)
OV/em® 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)
VI/ % 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/(cm/s) 12. 09 76.53 80. 60 0.776(0. 641~0.912)
PDV/(em/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)
P SRR T AR R
Ultrasound parameters - 90. 93 90. 27 0.901(0. 825~0.976)

united predictive models

RS5 ZINEK Logistic [T (25 A 2405 PCOS £ 7F HI KRR AR C &
Table 5 Multifactorial Logistic regression analysis of color doppler ultrasound parameters in relation to clinical
outcomes in rats with PCOS combined with HI

e 3 B SE i Wald p HAE I (95% &5 IXIH])
Ultrasound parameter B coefficient Standard error Wald statistic OR(95%CI)

TA/cem® 0. 280 0.113 6. 140 <0.05 1.323(1.079~1.567)
oV/em’ 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)
VI/ % 0.412 0.092 20. 055 <0. 001 1.510(1.033~1.987)
FI 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/(cem/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)
ﬁ%(f;i:i'ajﬂ%[‘l?ﬁfﬂ@?/ 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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PCOS & 3 % Fifi A& 1 PR 5T (1) 28 A6 32 A2 34
RAE HHTA & PCOS HIBFIT 8 % B HOG K & %
FRHLEI R E A, B R BEE 2, T FKINRIX
W% 5tk R 3 e iR A R R AR RRE
7 RO BREE R Hf R e R U1 T HI
YRR AR BH B 040 A 0L 255 952 0 1) 5 6 B R Al 5
NEREFER B RIPTA BB X R, LA IRE
B W 5 R AE PCOS & rhile 95 B4R '
HfIE IR LT PCOS & JF HI MiZWi ik %,
7] —F 7 IR AEAS TR 52 o o R TR RO
I EREE G AY PCOS &1 HI A7 R0FAG i X0t
T2 W IR PCOS i 3T & AE & A AU
BEEZL,

5T L, R 0 23 W e T %0
S| 1 L] R A9 I 300 (46 0L 155 0, R AR R (6 2
e P ARAS Y IO 2 B AR Ak, T X O AR
T 0 S e T B ST 3 #E S7 PCOS
A I HIL K B, 1 (6 235 S s 2 400k
TTSWiEAL . FSR PCOS H ¥ K MR IEF5 bRk
% H H DD I 25 K i AR Ak e o B B, X
A 220 SR 75 R A A O R T 12 B 5K
Z—. WS, TEIEH B0 v, OP S ORIk
INAR— | R T OIS e A 410N B9 5 30 ik F] LR
2835 OB AN R, 33K 6 SUR 20 Jif 7 1IE RO 2SR JC I
BN A >, (B PCOS & H P 5
[F1) Ak 5 52 e afn R A, B9 S8 8] 5 3 ik af 3 3
B, R I TR A R i T AR T B
TRAE R, B R A A 2R 4 0 2 3 000 R 0l
TR, Rl DT S A S5 R ) SR A S
FEURIAA I e 498 K, I L 36 FH T 09 S 3 A 4 g
Pt Z IR AN R AN R RS R %
PARBICER /D | DT 3 S50 5 28 A0 ARG i
T 7R KT 118 I 9 2 s S SR R 1 R K K
/NG IO £ R 5 A SA BEOK, B AL PI
FIGREE R FRAC B 2 S E000 3 K 301 A1 0, A
PG TR AHE S O R a) T A K 2R Ak i Rl HE
BEREAS I, PCOS BE A I HL Y
%, VI.FI.RI.VFI Pl .PSV PDV & ¥ ft £ 3%
SRS (9 I B 012 S8k, A AR 3R i A AL 4
B A B, BE g F i A Ak i G AR L O S TR

Joi B Jok 4 Sl g B W 4 U0 I I 0 S R | T sk I
L 37 WA (R o, ) 92 4 g e B0 5 ot 5 4 107 15
B ARBFSEAE R BN BFSE4H TA OV SA VI,
FI.VFI . PSV PDV ¥ KF X} B4L, RT. P1 /NF X
W& ; FINS  FPG K T XF BR4H, 1ST /N T X f 4
W] PCOS A3 HI K BTN S 0] 5T 301 bk i 7t 35
TV 15 1 L i | [] B Je 5 28 SRR M B AIG . A7 STk
fiRiE, PCOS & 2 5P &[] 57 1f 3 5 1SI & 1E A
KB G g 4 R — E, T A A e M A
TN, RO B S TA SA 5 ISI 2 7 AH ¢
PE,UNEE RI OIS P15 ISI RIEAMHEPE, —H
SARIGIF 5 73 B4 TA .OV SA VI .FI VFI,
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