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HE . BN RiTsE9RE . FREASEE(VIQ) R RBA i ir % C(CysC) T M4 Fom 5
Fa(DN) Wy BRMNEL, ik RI2020F9 A—202259 A dy R ¥ E 25 K FiE =B MG ELOKE69 13846 2 28
JkgB(T2DM) BB AR, b, F4T2DM EH 564, FHDN 484, 15K DN 3441 ﬁ)’r%‘$£‘i’]ﬂ‘y
EHEE . VIQHAL W, 54 fiF CysCARTF, KA % B E LogisticiR 7 ©A5MH R DN W H &, 2%
ZRE TEFAE(ROC) &S HT S-S 5 | VTQ’V""&2#3*T&(‘ys(‘¢’"LﬁDN&¥—ﬁﬂDNﬁ’JﬂMﬁO &R 5
B & Logistici2 F W2 54 R 277, mﬂmf[OR =3.438(95% CI:1.415,8.356) | . K #h Ak ('F 11 &Li"’*zﬁnac)
77K K A% 3 3 E (EDV) [ OR =4.121 (95%CI: 1.695, 10.014) ] . B 34 Bk 2L 4 3% # (R1) [ OR =4.358
(95% CI:1.793,10.501) ] . B & % 3 73 i & (SWV) [ OR =4.323(95% CI:1.779,10.507) ] . cch[dR =
4.229(95% CI:1.740,10.278) | 2% DN B H & (P <0.05) ., ROCHMES LRI T, EDV(FITA L F
FHH) RICKE T4 £ K3 (SWV. CysC A v 3 B A5 B DN 69 & 4 5 ) % 70.73% (95% CI: 0.595,
0.800) .73.17%(95% CI:0.621,0.821) .71.95%(95% CI: 0.608, 0.810) .75.61% (95% CI: 0.647,0.841) .80.49%
(95% CI:0.700,0.881) , 4F 1 2 % 4 73.21%(95% CI:0.595, 0.838) . 80.36% (95% CI: 0.672,0.893) . 75.00%
(95% CI:0.614,0.852) . 71.43% (95% CI: 0.576, 0.823) . 89.29% (95% CI: 0.775, 0.956) , AUC 4~ %] A 0.734
(95% CI:0.639,0.828) . 0.756 (95% CI: 0.651, 0.860) . 0.718 (95% CI: 0.608 , 0.827 ) . 0.739 (95% CI: 0.631,
0.846) . 0.902 (95% CI:0.837,0.968) , ROC W & 4 #7 % R £+ ,EDV.RI.SWV, CysC & W & & &4 ¥ F
1 DN # 4% B P 5 31 4 70.83% (95% C1:0.557,0.826) . 77.08% (95% CI:0.623,0.875) .72.92%(95%CI : 0.579,
0.843) .70.83% (95% CI:0.557,0.826) . 83.33%(95% CI:0.692,0.920) , 4 51 5 % 4 79.41%(95% CI:0.616,
0.901) .73.53%(95% CI:0.554,0.865) . 76.47%(95% CI:0.584,0.886) . 70.59% (95% CI:0.523,0.843) .91.18%
(95% CI:0.752,0.977 ) , AUC % %1 4 0.770 (95% CI : 0.672, 0.868 ) . 0.746 (95% CI : 0.634 , 0.858 ) . 0.761
(95% CI:0.665,0.857) .0.765(95% CI:0.653,0.877) .0.910(95% CI:0.850,0.969) , £i& EDV., RI, SWV,
CysC B4 W T4 DN T4 55 W 2 ik
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Abstract:
quantification (VTQ) combined with serum cystatin C (CysC) in early diabetic nephropathy (DN). Methods One
hundred and thirty eight patients with type 2 diabetes mellitus (T2DM) admitted to the hospital from September

Objective To investigate the application value of Doppler ultrasound, virtual touch tissue

2020 to September 2022 were selected as the study objects, including 56 patients with simple T2DM, 48 patients
with early stage DN, and 34 patients with clinical DN. All patients were diagnosed by Doppler ultrasound and VTQ
technology, and the serum CysC level was detected. Logistic regression analysis was used to analyze the factors
affecting the diagnosis of DN. Receiver operating curve (ROC) was used to analyze the value of Doppler ultrasound,
VTQ and CysC in diagnosing DN and early DN. Results Logistic multivariate regression analysis showed that:
serum creatinine level [OAR = 3.438 (95% CI: 1.415, 8.356) ], end-diastolic minimum blood flow velocity (EDV)
(main renal artery at the renal hilum) level of renal artery [OAR =4.121 ( 95% CI: 1.695, 10.014) ], renal artery
resistance index (RI) level [OAR =4.358 (95% CI: 1.793, 10.591) ], shear wave velocity of renal cortex (SWV) level
[OAR =4.323 (95% CI: 1.779,10.507) ], and CysC level [OAR =4.229 (95% CI: 1.740, 10.278) ] were the factors
affecting the diagnosis of DN (P < 0.05). ROC curve analysis results showed that the sensitivity of RI (main renal
artery at the renal hilum), EDV (main renal artery at the renal hilum), SWV, CysC, and the combined diagnosis of
DN were 70.73% (95% CI: 0.595,0.800), 73.17% (95% CI: 0.621, 0.821), 71.95% (95% CI: 0.608, 0.810), 75.61%
(95% CI: 0.647,0.841), and 80.49% (95% CI: 0.700, 0.881); the specificity were 73.21% (95% CI: 0.595, 0.838),
80.36% (95% CI: 0.672, 0.893), 75.00% (95% CI: 0.614, 0.852), 71.43% (95% CI: 0.576, 0.823), and 89.29% (95%
CI: 0.775, 0.956); the AUC were 0.734 (95% CI: 0.639, 0.828), 0.756 (95% CI: 0.651, 0.860), 0.718 (95% CI: 0.608,
0.827), 0.739 (95% CI: 0.631, 0.846), and 0.902 (95% CI: 0.837, 0.968). ROC curve analysis results showed that the
sensitivity of EDV, RI, SWV, CysC, and the combined diagnosis of early DN were 70.83% (95% CI: 0.557, 0.826),
77.08% (95% CI: 0.623, 0.875), 72.92% (95% CI: 0.579, 0.843), 70.83% (95% CI: 0.557, 0.826), and 83.33% (95%
CI: 0.692, 0.920); the specificity were 79.41% (95% CI: 0.616, 0.901), 73.53% (95% CI: 0.554, 0.865), 76.47%
(95% CI: 0.584, 0.886), 70.59% (95% CI: 0.523, 0.843), and 91.18% (95% CI: 0.752, 0.977); the AUC were 0.770
(95% CI: 0.672, 0.868), 0.746 (95% CI: 0.634, 0.858), 0.761 (95% CI: 0.665, 0.857), 0.765 (95% CI: 0.653, 0.877),
and 0.910 (95% CI: 0.850, 0.969). Conclusion The combination of EDV, RI, SWV and CysC can improve the
diagnostic efficiency of early DN.
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W PR 55 ' 955 ( diabetic nephropathy, DN ) 24 FR 5
16 MBI 4 I R AE 2 —, R BRI E
BEDR s FR A FE TR IR YRR B, RURYT 2
Biii6 DN (9 G, B/hekpgad % . IRAE AR 2
B 4503 (0 G PRARAE . A5 JRAT 0 F F 52 P4 1 2 A p
JRI% (type2 diabetes, T2DM ) £ 3 (1) bR 1 8 4 1E % {H
B T RE A A R R A R BT, B /NER
P FE RAEARHHE SRR, ©F 60% ~
70% ' AL Z BT, AR AR TR 0T AG
Bz — % U . BEAl, B R PR 1A PRI 4
WHEK L, 5 DNBRF LW BIRAE, 5wk
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Bl RAE b5 7 A2 W DN A2 W it — e 4K 4k o 75 ik
124 21 %€ £ (virtual touch tissue quantification, VTQ )
AR T AR R ke ok (1 ) 75 SR AR T RO, B
P 3 i (shear wave velocity, SWV ) A [a] 4% Sz B 5 JIiE
HYUFE, X DN BA —E S5 T ae". =R C
(Cystatin C, CysC)%ﬂéﬂfﬁﬁ@ﬁ% S WAL I 1
TH CysC ] [ i sk B /NER P8 I, 72 30T i /N4
OrACHEE, B ThREHIOI, CysC IR TR, 2
H Il PR 00 B i ' 2 g Y BRLAR N IR A 2 T
HHTE A 24w RS 73 54 2 3% il /s . VIQ #
CysC HI T DN B E B 2 W e ), (HEF A 7
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PEH 2020 49 H—2022 49 H M 5t S 25 K2
75 e B BE B A 14 138 151 T2DM £ 3 4y AF 58 %
%, Horp, sai2DM & CRE B DN) 56 fi,
] DN 48 {4, i JK DN 34 ] . 99 AbrifE: O 4
([ 2 AUBE R 99 B 36 48 FE (2020 45 ji0) )P T2DM
LWIbRAE, DN BFATA Ol IR B ES 06 G R 1297
[ 45 B H DN 2 Wi bR i s QAT 23
VIQ Kt # s @4FR> 188 % . HitriE: OB/
B UEBH ZE MR . R AE . WMIR REE AL TR .
R B AR s QORI IR R BT R L e
TR SRR 25 QARSI EER
INHI DI Re R Y ; @R ENEIR I AERER ; OfFa™
EARPEEG . QBN . IR G B A
O ZERL; @RIk . WiFL#E; O i 3 2tk
o SMERiY; ORI L . WL,
OB HIE 9 9 & B 1 D 12 sk 1] 3 s J 4k
AR /NEREWR S REWEWRE . AMRAEE
BElsp e P2 2 if fit, A FEAMBRE .
1.2 Ak

120 KERHFGERTF GRFEEN . FRE
RS EC. T2DM R R . SEREBOR (R L . = i
MAE S0 ) . P IIBESE AE . DR 2 L AN R
A . SR MKE(FPG) . Mk ma s . Hib=
fig (TG) . EAHFEIEE(TC) . F40H (WBC) T4, 1
B (PLT) . Il & . MLLEE . LS, iR
2. MIREAR . WAREAM(ALT) . SHIE,
122 2888 EEE RHAEGZEHBEHL
(FEE V] T2 A, 5 . Acuson Sequoia) , & 5C1
Wk, B ~5 MHz, 9 edbiT 4 A4,
P K A 22 M0 e 2 RN ) 2 52 B A A8 R VD T
SR ZE M0 R A B 25k, BB B AR SR AR B R
PRFRECHE 5 B S R 2385 i 75 g R A
HHAEGMELS . EAT. MRETSEN, B
WS JE BRSBTSk CE 1AL EF k) B
Sk CA B S 4L ) 1] 3h ik CRF A AR AL ) 07 & (HRORE
A < 60 © ) 1 W 4 3 e O I 3 B BE (peak systolic

1.1

velocity, PSV') | &F 5K K 19 & 1% 1ML 37 3 J& (end diastolic
minimum velocity, EDV) . BH /7 45 %X (resistance index,
RI) . HEM 3 WHCE BE ST 081, BIECRE
T DN 5t 357 o ) — 4 3 52 i o
123 VIQ#&E B8 (FEEE]
FON ], BS s Acuson Sequoia ) B VTQ A2,  HE L
LR, BRL AR BOREAE R BT, &%
DX IR A 43 500 80 22 R XL
B 52 (7 7 T M s AR S5 A ), R BRI
W, W5 SWV, BN 3 R BCE S E T M .
124 CysCalE  IRYT AT ICAR B #R ki 3 mL,
3 000 r/min & 0> 10 min, 250248 12 em, YA I
. RS AR CysCo IR &M H TR
SR AE IR IR F
125 T2DM & X BHredlmrx  SHROPE?2
TR R B 16 46 7 (2020 4F ) )™, 85 IR 18 F1/L
fif e {E (UACR) < 30 mg/g. fii B B /)N Bk 38 i R
(eGFR) < 60 mL/(min-1.73 m®) ¥f 4 IF % 1 & 1 IR
(HL.40 T2DM & 1 81 DN) , i > T2DM 4H 5 300 mg/g >
UACR > 30 mg/g. eGFR < 60 mL/(min*1.73 m*) /£~
i & AR, 30 R 30 DN 415 UACR > 300 mg/g
eGFR< 6 ml/(min-1.73 m*)fE N KEHEH K, id
Il R DN 4
12,6 wWHIEALE  EDV, RI, SWV. CysC{E
—12 Wi 2 DN ISE A2 7 DN
1.3 Hit=EFE

A 73 B R JH SPSS 18.0 G it #i, it WE R
LR = bRifE 22 (x £ 8) Fon, B 200
K, WIS LA LSD—e A 565 80w LAAS A L
B (%) FRoR, B RS ;s 52 R 3R A 43k
FH 2 M % Logistic 3 A AR RY ;2 5230 % T4
FEAE(ROC) R . P<0.05 W& RA LG HE L,

2 R

2.1
A3
T2DM 21 . BLi] DN 2 5 15 K DN 2H (PR . 4F
W RBTETE . T2DM SRR . JEAEEE (i
AR IAE « S0 ) LIS AR L OB PR . Ab
Jil B2 9% 8 FPG. BEAL M4 . TG, TC.

T2DM4H . R HI DN 48 . II5 K DN A p i R a2
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WBC 4. PLT, MHAKZHA. MOEA . MRE . (P<0.05), ik DN ZHAG ML ILEF . CysC /K345 F
MIRER . ALT, BRI, 22HLG% TDMAMBEY DNA, R DNAMIMALEF . CysC
BEX(P>0.05); T2DM4l . WHIDNA SIEKRDNA  AKFEFT2DMA, k1,

(I ILEF . CysC K-, 2R A% E X

F1 SAEFHBLE

T2DM £ 56 30/26 24(42.86) 8(14.29) 6.13 £ 1.09 30(53.57) 25(44.64)
DN 4H 48 27/21 28(58.33) 6(12.50) 6.29 + 1.05 25(52.08) 23(47.92)
I R DN 41 34 22/12 21(61.76) 4(11.76) 6.41+1.17 20(58.82) 19(55.88)
X'/ F1E 1.101 3.908 0.138 0.728 0.387 1.082
P 0.577 0.142 0.933 0.485 0.824 0.582

T2DM 4] 13(23.21) 6(10.71) 3(5.36) 6(10.71) 5.81+0.88 6.09 £0.72
R DN 11(22.92) 8(16.67) 6(12.50) 8(16.67) 5.69 = 0.79 6.17 £ 0.84
Il 7K DN 4 5(14.71) 7(20.59) 5(14.71) 7(20.59) 5.62£0.71 6.23 +0.89
X2/ F1H 1.083 1.718 2.476 1.718 0.638 0.336
P 0.582 0.423 0.290 0.423 0.530 0.715

T2DM 41 2.29+0.37 6.21 +0.87 32.09 +4.02 99.76 + 13.19 3491 +5.04 124.98 +23.71
RIHDNAH 2.18+0.31 6.07 + 0.84 33.45+3.63 102.45 £ 12.83 35.83+4.72 126.17 £21.34
IR DN 21 2.33+0.34 6.14 +0.79 33.87+3.85 103.12 £ 11.98 36.72+5.16 123.94 £20.16
X/ F1H 2.229 0.359 2.765 0.925 1.443 0.104
PH 0.112 0.699 0.067 0.399 0.240 0.901

T2DM £ 76.48 +10.16 379.02 £32.93 22.35+3.98 31.59 +4.06 1572 £2.04 1.15+0.22
HHIDN 4] 89.79 + 12.47% 382.01 +31.63 23.19+4.14 32.15+4.21 16.19 +2.15 1.41£0.257
IR DN 2] 10438 + 13.867 385.19 +33.17 23.98 +4.59 32.76 +4.38 16.72 +2.36 1.63+02772
X/ F1E 58.358 0.387 1.644 0.836 2.295 42.733
PH 0.000 0.680 0.197 0.436 0.105 0.000

. D5 T2DM A L8, P <0.05; Q5 R DN 4 %, P<0.05,

22 T2DMA.BHADNA.IGKDNAZLEEFE  0.05). KK DN 4 3hik B sh ik e sk i EDV
B VTQHEEIEIRLE KB Rz B SWV HI K F T2DM 41 . F 3 DN 41 (P <

T2DM 4 A DN A S5IGR DN 4L S s ik Besh 0.05); 3 DN 411 sh ik  BEsh Bk .- 18] 3h ik i EDV
Jik e S0 bk B PSV B B BE IR LB SE A SWV AL, BE R BT SWV I T T2DM 4H (P <0.05) ;i JK DN
XTG4 X (P>0.05); T2DM 41 R WI DN 41 sh ik  Besh bk 18] 3 ik A9 RT3 & F T2DM 41
ZH 5115 PR DN 405 sh ik L Besh ik  nbral s ik g EDV.,  FU DN 4 (P <0.05) ; 71 DN 28 ' 20 ik . Be sl ik L i
RI J B 2 i SWV L8, Z R A Gt 8 L (P < [E3IKMRIZE T T2DM 41 (P <0.05), W2,
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FIS AL UE W BRI U B ER C e PP P A B A (B

®2 3HZEHBEA VTQREREIRILER

T2DM 41 56 75.01 =10.23 21.24+3.97 0.64 = 0.09 50.97 = 8.23 18.45 +3.12 0.61 0.09
HMIDNYg 48 73.36 + 9.89 1729 £3.117 0.71 +0.127 48.02 +8.11 15.26 +2.64" 0.69 +0.11%
IADNG 34 72.49 +9.14 1521 £2.7572 0.82 +0.147% 4791 +7.78 10.97 £ 1.9372 0.78 +0.13"?
FIxME 0.770 36.811 26.158 2.289 81.325 26.589
PE 0.465 0.000 0.000 0.105 0.000 0.000

T2DM 21 34.01 £5.32 13.05+2.14 0.51 +0.08 2.09 +0.38 171 £0.31 126 £0.21
R DNY 32.76 +5.09 10.15 + 1.84% 0.62+0.117 2.52+0.437 1.66 +0.25 1.21+0.19
IIf A DN 41 31.85+4.83 7.24+1.1272 0.74 £ 0.13"% 3.13 £0.597% 1.58+0.23 1.18+0.17
F/xMa 1.992 108.874 51.860 50.432 2421 1.963
Pl 0.140 0.000 0.000 0.000 0.093 0.144

1 . M5 T2DM 40 UL, P<0.05; @5 5149 DN 20 L4, P<0.05.

2.3 #Mm DNiZH#r i % E X LogisticiZ & [E A5 #7
LLT2DM 345 2 A2 Wiy DN iy A i (5= 0,
=1), MWLEF. CysC. EDV(Eshik. Bishfk. n
k) . B R SWV . RICEZhk . Beshik. nal
kO K A AR B (RER S, T2
% Logistic % M43 BT (o, =0.05, 00,,=0.10) , #5253

%3

% I LEF [OR =3.438 (95% CI: 1.415, 8.356)].
B Sk EDV [OR =4.121(95% CI:1.695,10.014)]. &
F1 Ik RI [OR =4.358 (95% CI: 1.793, 10.591)]. '8 Ji i
SWV [OR =4.323(95% CI:1.779,10.507)].CysC [OR =
4.229(95% CI:1.740,10.278 ) |42 DN 2 Wt 4 5% i PHl %
(P<0.05), W3,

=5 DN 2B 9 % [F 2 Logistic & 5 BA #T S#

I ILEF 1.235 0.401 9.485 0.000 3.438 1.415 8.356
EFIKEDV (BT TAL 32 3l k) 1.416 0.381 13.813 0.000 4.121 1.695 10.014
Bk RICE 4L 32 5 Filk) 1.472 0.373 15.574 0.000 4.358 1.793 10.591
BT SWV 1.464 0.296 24.462 0.000 4.323 1.779 10.507
CysC 1.442 0.307 22.062 0.000 4.229 1.740 10.278
24 ZEHBE VIQKWEIEIRKE CysCXDNE  0.672,0.893) .75.00%(95% CI:0.614,0.852) .71.43%

S RLEE 5 1T

ROC M4k /3 Wr & R Won , EDV (1714 325 8
Jik) B sl bk RUCE T4k 32 5 8l ik ) .SWV | CysC K& U
H WK A 12 B DN B B 43 51 R 70.73% (95% ClL:
0.595,0.800) .73.17%(95% CI:0.621,0.821) .71.95%
(95% CI: 0.608, 0.810) . 75.61% (95% CI: 0.647,
0.841) .80.49%(95% C1:0.700,0.881) , ¥ St 43 5 Hy
73.21% (95% CI: 0.595, 0.838) . 80.36% (95% CI:

(95% CI: 0.576, 0.823) . 89.29% (95% CI: 0.775,
0.956) , AUC 43 %l 4 0.734 (95% CI: 0.639, 0.828) .
0.756 (95% CI: 0.651, 0.860) .0.718 (95% CI: 0.608,
0.827) . 0.739(95% CI:0.631, 0.846) ,0.902 (95%CI :
0.837,0.968) . U5 4 FIKl 1,
25 ZLTHBEE. VIQKEISRKE CysC Xt B H
DN BYIZ T RLBE 57 #

ROC M bras R R, EDVOE T4 FE 3h



PR B A 533 %
%4 EDV.RI.SWV ¥ CysCiZ#r DN BIZLEE S H7
- A —— U/ 95% CI RS 95% CI N 95% CI
% TR BRI % TR R TR B
EDV 10.94 cm/s 70.73 0.595 0.800 73.21 0.595 0.838 0.734 0.639 0.828
RI 0.61 73.17 0.621 0.821 80.36 0.672 0.893 0.756 0.651 0.860
SWvV 2.293 m/s 71.95 0.608 0.810 75.00 0.613 0.852 0.718 0.608 0.827
CysC 1.37 mg/LL 75.61 0.647 0.841 71.43 0.576~ 0.823 0.739 0.631 0.846
x& - 80.49 0.700 0.881 89.29 0.775 0.956 0.902 0.837 0.968
1.0 o i A2 W 1 DN Y BEUR I 43 531 A 70.83% (95% CI -
08 N 0.557, 0.826) . 77.08% (95% CI: 0.623, 0.875) .
i 72.92% (95% CI: 0.579, 0.843) | 70.83% (95% CI:
w 067 — EDV
= / RI 0.557,0.826) .83.33% (95% CI:0.692,0.920) , 45
=04 o PE 5% ) 5 79.419% (95% CI: 0.616, 0.901) ., 73.53%
02k - e (95% CI: 0.554, 0.865) . 76.47% (95% CI: 0.584,
N e 0.886) . 70.59% (95% CI: 0.523, 0.843) . 91.18%
00 02 04 06 08 10 (95% Cl: 0.752, 0.977) , AUC 43 31 & 0.770
14 5 (95% CI: 0.672, 0.868) . 0.746 (95% CI: 0.634,

1 EDV.RI.SWV.CysCi2# DN & ROC #%k

k) RICE 1AL FEE Bk ) . SWV ., CysC K U35 Bk

0.858) .0.761(95% CI:0.665,0.857) .0.765(95% CI :
0.653,0.877) .0.910(95% CI1:0.850,0.969) . VL5
K2,

%5 EDV.RI.SWV X CysC X} i DN B2 B S &E 5 #7

- Y Tr— U/ 95% CI S 95% CI Al 95% CI
6 TR ER % TR R TR R
EDV 8.54 em/s 70.83 0.557 0.826 79.41 0.616 0.901 0.770 0.672 0.868
RI 0.59 77.08 0.623 0.875 73.53 0.554 0.865 0.746 0.634 0.858
SWV 2.79 m/s 72.92 0.579 0.843 76.47 0.584 0.886 0.761 0.665 0.857
CysC 1.52 mg/LL 70.83 0.557 0.826 70.59 0.523 0.843 0.765 0.653 0.877
B - 83.33 0.692 0.920 91.18 0.752 0.977 0.910 0.850 0.969

L0 o 7/—4—" 3 it

°8f,i5’ 6 004 5 L8 O SO S N

§°ﬁﬁl ey (o A8 0 R 1 T, 5 O B

§OAJH SWV B T WG 5 BRI Bt AR eGFR B, ST

“j? %%E LRI A

; B 2 A AR A DN AR A I S 7
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