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[ ZE] [BH] ERAFT kRS (SWE) AR Z ZFM0 65 & M5 it 69 2 A5 ks (T2DM) & 3 %1 3) Bk
M, [FiE] ARSI 6] T2DM 5 WBERAGLS TG aEHE L5 H LB RFBA(n=52)4H5
5 fr gz 2 (n=60) , Fl B s B4 AR FAE A 3T (n=55) , KEESME— MR FTH AW FIIE, FHALF N
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Quantitative evaluation of carotid artery stiffness in patients with type 2 diabetes mel-

litus complicated by hyperlipidemia using shear wave elastography
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[ ABSTRACT ] Aim  To quantitatively evaluate carotid artery stiffness in patients with type 2 diabetes mellitus
(T2DM) complicated by hyperlipidemia using shear wave elastography (SWE). Methods 112 T2DM patients were
included in this study. They were divided into simple diabetes group (n=52) and hyperlipidemia group (n=60) accord-
ing to whether they were combined with hyperlipidemia. At the same time, healthy people were selected as the control
group (n=55). General data and biochemical indices were collected for each group. ~ Conventional ultrasound was used
to measure the intima-media thickness (IMT), peak systolic velocity (PSV), systolic diameter ( Ds) and diastolic
diameter (Dd) of the left common carotid artery, and the wall motion amplitude (AD) and stiffness coefficient () were
calculated. SWE was applied to measure the mean of the maximum modulus (ME,, ), the mean of mean elastic modulus
(ME,,,
ing blood glucose (FBG) , glycosylated hemoglobin (HbAlc), total cholesterol (TC) , triglyceride (TG) and low density

) and the mean of minimum modulus (ME ; ) of the left common carotid artery. Results The levels of fast-

lipoprotein cholesterol (LDLC) in the simple diabetes group and the hyperlipidemia group were significantly higher than
those in the control group, while the levels of high density lipoprotein cholesterol (HDLC) were significantly lower than

those in the control group (all P<0.05) ; The levels of TC, TG and LDLC in the hyperlipidemia group were significantly
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higher than those in the simple diabetes group, and the HDLC levels were significantly lower than those in the simple diabe-
tes group (all P<0.05). SWE parameters (ME, , , ME,
demia group were significantly higher than those in the control group (all P<0.05), and SWE parameters in the hyperlipi-

wn @and ME . ) in the simple diabetes group and the hyperlipi-
demia group were significantly higher than those in the simple diabetes group (all P<0.05).
showed that IMT, TC, TG, LDLC, FBG and HbAlc were positively correlated with SWE parameters (all P<0.05) , while
HDLC was negatively correlated with SWE parameters (all P<0.05).

Pearson correlation analysis

Multivariable linear regression analysis indicated
that T2DM and hyperlipidemia were independent risk factors for carotid SWE parameters ( both P<0.05). Conclusion

Hyperlipidemia is significantly correlated with deterioration of carotid elasticity in T2DM patients, and SWE technology can

quantitatively evaluate carotid elasticity in T2DM patients complicated with hyperlipidemia.
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systolic velocity,PSV) , N F &5 H E G N & 3 %,
BOFHE, LU ESHAMATEAXTRES



234

ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 3,2026

IR E AD(AD=Ds-Dd) Fn 4 B 1B E R H B
[(B=In( Y% E/47% JE)/(AD/Dd) ],
1.4 SWE S#Hl=

FERERERER _AHGELNETRE,
BB FEER SN SWE ERX RFR LT A
FIALE, £ &S d, 5K R ARk )k,
X B BN AL, B R R M, DAGR S E & 1
—F, Bt xRFHAFEMARRGIE,HEHLT
BERERA,FAEEFRLET D REE, N
EFEE mEW AR RmAGES R0 T o Kk
WMEEER, REFMFTRRMET RER, £
SWBERIIKETFHWER, MHEELEF
LEHOERNNES G ET, BN ERAEELE R
B, AAKEEN 1 mm, ¥ BEAES D E F 0 T
BENE R 3L, B B &S s kN R E
HEF M-, FR2mm WE 1K, ZEZNE 10
RE—HGEREMNEHFUHERBHREETH
B HREERNM HEBEERAE, REH3 K
RY BRI RAEEEE AT HE, 52 9%
ERAENHE(ME,,) BEREFHENHE
(ME,.) Z o E# R/ MEWHE(ME,,)
1.5 EEMKE

BT %A # P F AR A 40 4, A AL E] £ 1

BV AL LR EER(HEES FU LM
RAR AL 75 2 ) o B AE R LR O sk B %A 2 M
FEAUEESRT RZE,1X40 4 ZHhHEE
g —fAFEREFHTHENE, L RITH
Fa A W2 2 18] LA ROV A3 e A K M R
1.6 ZItESHR

KA SPSS 27.0 %u it 2 tF 9 AT B0 AL 32 R it
e BRI vxs Ko, Z A H R KA EE
EHEMN,BARLKREA ¢ %, & MR
Bl(%)kr, ZARLKRXA X £, £F SWE
B IMT B e #8 AR E BB & E X A7, X A
Pearson # X AT T AR KM, KA S LA K E
3 ATV R B R S B ik SWE S # i J Lk
B, ME,, ME,  fME, EXNELEE, 2% &
T2DM fe 2 & & 5 et N B & &, B H A4 NKE
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F 1. =ZHE—RIGERER LR

Table 1. Comparison of general clinical data among the three groups

i H XA (n=55) FRATREIRIGZH (n=52) BIFFIRIMAEL (n=60)  ZitE P
B/ /[ (%) ] 27(49.1)/28(50.9) 27(51.9)/25(48.1) 30(50.0)/30(50.0) 0.089 0.956
AW % 57.8%7.0 57.8+9.3 56.2+8.5 0.682 0.507
e/ H 45.0%6.8 46.8%6.6 -1.352  0.179
BMI/ (kg/m*) 24.4+2.8 25.1+3.8 25.3+2.8 1.088 0.339
W 4ii 5/ mmHg 114.7+11.4 116.5+11.4 116.6+11.2 0.481 0.619
#F3k ./ mmHg 71.2£5.3 70.7£5.6 71.8+6.3 0.514 0.599
L/ (/5 74.2+4.8 73.5+4.3 74.8+3.7 1.270 0.284
W KR/ [ (% ) ] 10(18.2) 12(23.1) 14(23.3) 0.554 0.758
A ARRAE,
2.2 HEYEFIERRIEER FXFHRAL (# P<0.05) ; ARG I IR MLAE AL IMT

PRAE R A G JF BB IILAE 40 FBG  HbAlc
TC.TG M LDLC 7K~F i 2 5 T-%F B4, HDLC 7K -
AR T X BEZH (1) P<0. 05) ;& IF m Mg ILAEZH TC |
TG & LDLC &3 & T 54l bl jR s 41, HDLC 5 (1%
THLLl B R4 (34 P<0.05;3%2)

2.3 EHBESHILE
AR PRI AL AR IR E AL IMT B 1 3% &5

B BERAE IR LI & A2 S ARG G2 B X
(¥1P>0.05;%3),
2.4 SWE S#Lb&

PABEIR AL A O m IR IAE 2 ME, . ME,
K ME,,, 385 X R4, A IS IR IMAEL ME, |
ME,... M ME,, % 2% T 2l s 4 (¥ p<
0.05;% 4 ME 1),
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FR2. ZHE AWK FIEREER

Table 2. Comparison of biochemical indicators among the three groups

= XFHRZH (n=55) PAEIRIH (n=52)  BIFRIRIMIEL (n=60)  ZEitE P

FBG/( mmol/L) 4.990. 69 8.27+1.91° 8.42+1.69° 151.255  <0.001
HbAlc/% 5.11£0.58 8.92+1.43" 8.84x1.85" 239.572  <0.001
TC/ ( mmol/L) 3.54+0.56 4.04+0.56" 6.120. 69" 285.551  <0.001
TG/ (mmol/L) 0.8320.23 1.17+0.30° 2.48+0. 84" 113.036  <0.001
LDLC/ ( mmol/L) 1.80+0. 48 2.27+0.51° 3.23+0. 88" 60.103  <0.001
HDLC/ ( mmol/L) 1.4620.18 1.20£0. 19* 1.0320.22" 68.088  <0.001

Fa b P<0.05, 5% IR FLAE ;b o8 P<0. 05, 5 B gl i 4 g,

&R 3. ZHEFBIKE BB SHLLR

Table 3. Comparison of routine carotid ultrasound parameters among the three groups

11 H Xt R4 (n=55) HABERRA (n=52)  AIFEIRMAELA (n=60)  SITHH P

Ds/mm 6.90+0. 38 6.93+0.31 6.94+0.29 0.222  0.801
Dd/mm 6.35+0.39 6.40+0.29 6.43+0.28 0.778  0.462
AD/mm 0.54+0. 14 0.52+0. 14 0.50+0. 15 0.841 0.433
PSV/(cm/s) 69.28+9.71 69.59+9. 84 71.02+8. 13 0.587  0.557
IMT/mm 0.64+0.24 0.89+0.22° 0.93+0. 22" 25.364  <0.001
B 5.80+1.36 6.39+1. 58" 6.47+1.36" 3.615  0.029

i :a N P<0.05, 5XF A LA,

Fz 4. =HEFBNk SWE S L5

Table 4. Comparison of SWE parameters of carotid artery among the three groups Hfij . kPa
i H X HEZH (n=55) HABE R (n=52)  AIFEIRMAEA (n=60)  SITHH P
ME,,. 72.04+£10.36 85.62+10.95" 100.73+10. 88" 102.672  <0.001
ME, .. 57.80+10. 13 68.55+11.47" 86.65+9. 60" 113.616  <0.001
ME,;, 46.83+8.51 56.55+9.35" 69.61+9.71* 88.553  <0.001

i ia i P<0.05, 5XFIELH LA ;b o P<0. 05, 5 BAaiidi i 4 e i,

1. 3N Bk BT )35 38 1 AR 5
A J Rt BREL B Sk LR RAL, C A R I AR

Figure 1. Shear wave elastography of carotid artery

2.5 HEEMESH SWE SE a7 fa s % (34 P<0.01;%5) .
Pearson AHICMTEE R BN, 441 ME,, ME__,, . 2.6 EEMHKIE
ME,,, 5 IMT . TC TG .LDLC ,FBG HbAlc ¥ 5 IF 4 SWE FFill #5319 ME,, ME_... Il ME,_ {H7EW0

X, 5 HDLC 2 HAHKE(P<0.01; B 2), ZI04ME 285 1CC HIIAT 0. 90, YL AW 5 47 1E 841
153 B7 58 7%, 2 OB R A s B e R B ik wmEdE (e M3 .
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ve [ 1.0 x5 HEONEASWMEHRENENBKREERS
| 08 SWE S HI% 7
MEean | 0.95 MEmw. .. .. - . .
0.6 Table 5. Association between conventional risk factors
ME, | o ! i
ol el b .i L0.4 and SWE parameters identified by linear
IMT | 031 029 030 IMT . :
Lo regression analysis
TC|oe4 o066 061 o.
bl il B B .. .- o ME, ME,., ME,,,
TG|o057 060 055 033 066 TG K%
-—0.2
LDLC| o050 o054 048 036 073 052 LDLC B r B P P P
-0.4
HDLC | -0.68 _0.67 —0.65 —042 —055 045 043 HDLC. el 0.088 0.076 0.052 0.281 0.075 0.153
-0.6
FBG|045 046 044 026 060 047 049 -0.46 FBG A -0.038 0.437 -0.074 0.128 -0.073 0.166
-0.8
HbA1c| o054 o052 052 035 060 046 054 -047 0.76 HbA1 18 MK AR 0.242 <0.001 0.211 <0.001 0.185 0.001
I R PSR | - - -
@lo@@e X N \/Q§ QQ\OV‘ BMI 0.057 0.264 -0.064 0.206 -0.062 0.256

45 0.044 0.379 0.089 0.070 0.126 0.019
E 2. IMT.TC.TG.LDLC HDLC.FBG & HbAlc 5

SWE S#HI1H K 47 E
Figure 2. Correlation heatmap of IMT, TC, TG, FRIMAE 0.457 <0.001 0.545 <0.001 0.475 <0.001
LDLC, HDLC, FBG, HbAlc and SWE parameters

T2DM 0.386 <0.001 0.303 <0.001 0.330 <0.001

Fo6. EFIHHE ICCIHENBRERNMURENEE N

Table 6. Assessment of intra-observer and inter-observer repeatability by calculating ICC

WELH N NNEE 2 [A]
SR
ICC 95% CI P 1CC 95% CI P
ME, .. 0.933 0.877 ~0.964 <0.001 0.946 0.900 ~0.971 <0.001
ME,... 0.922 0.857 ~0.958 <0.001 0.926 0.865 ~0.960 <0.001
ME .. 0.903 0.824 ~0.947 <0.001 0.946 0.818 ~0.978 <0.001
A +1968D ° +1.968D ©C +1.96SD
12.61 e 1208 || L + 1037
| R I— ol -
101 . <o 10F .
., s . . E . . . (E sk . iE
g i : . 0.25 T . 5 0.57 ° s ¢ . 2.72
1 . OFT . I
AR . . s .
. . * -1.96SD . ~1.96SD . ~1.96SD
—10_‘_1 _________ SRR -2 -10'_}: ____________ o118 _5,} _______________________________ 493
1 1 1 1 1 1 1 1 1 1 1 1
50 75 100 125 150 40 60 80 100 40 60 80
D F
+1.96SD +1.96SD +1.96SD
[1277 11345 } ................. foeeeeeeean] 1118,
orl ) . 10f . . or . 8
. .° * ¢e . Lt e L .. . % . . ....-.. . . H{E
° * HiE —t — .~ w1 T S — 5.68
ok . 13 I : . 086 5[4 L .
i : . oF I : ..
Lo, . . ~1.96SD
10 « —1.965D 7. e ~1.96SD
l ______________________________ -15.38. —10‘l _____________________________ =11.73. .
-20E_1 ] 1 I I I I -5k 1 1 ° 1
50 75 100 125 60 80 100 40 60 80

3. #BNBk SWE £# Bland-Altman [
A:ME,, WEEHI2ESB.ME, ,,, MEHER;C.ME,,, WERHEZES;D.ME, WERHNESE.ME,,,, WERENESF.ME,;,, WRENER,
Figure 3. Bland-Altman plots of carotid SWE parameters



CN 43-1262/R " [E Sl ik alifb 244 & 2026 4F55 34 455 3 237

34

T2DM 1Bk —Fh R Gt ARG, 8 R K0 i
ARG, H 3 2 LR B Ko AR AL X — R
PR R o S B A A ol A R AR
WF5E & B, v IUARE P75 1t 1 40 5 I e 4 e
Az YINGRGage™ , 0] 2 ks e R A i) & J
TE T2DM B 2 A8 LA - A7 7E , HAZOLH S
Je 5 RIPT o | B 2 HARFL B VG, 4T
BUE & TG MARE ARG IR h 3 B A shik
SRR 18 L 0 B 1 S R 2 1A LA P E v Y S
WUIBUT R A E A B, 1 L et 40 Jf 2 1 Ry oK
AU, I 5T R kb g RE R R R, R i
SELE T2DM S S8l DKok R BB A 1% & AE 5 O JR st A
KRR AT

AW K B, B AR R 4 ME,,  ME_, .
ME,, JIMT & B H¥ B E & TX R, X 22
T T2DM BHE KA T & RS, S 2 8 A
ARS8 B FE S AGE-RAGE i, 1 15 sh 3 ik K
NF-kB K NLRP3 JRAE/IMASFE S AL B, AR — AL
R A WA B, e & B4 N B D RE e i 7
LR b, PR - S8R A 2 0 {8 i A5 F
JULER A 1 9 284y e 4 50 1w 5 i B A A5, e 5 L
B LR RE 7 B A A R BT Y A B, ) A8 3 i A8
FAL 5 WEAT | A8 2T 24 200 7 A 5 1 i D AR 5 1
EHAPM D KR XS R R I [ T 3l kit
FEREAC YRR Y AW ST R B, & I R 1 AE
4 ME,,, ME,.,, J ME, 5% 355 T 208 Kk
4, R A T2DM B, 5 IF m R MAE 2 S ) Pk 5
PR SR R . =R T H— T
HIAIK % B I 2 H (low desity lipoprotein , LDL) f& 5l ik
SRR AL T 2 5 3E R A0 38T, LDL 28 0% I 4
N B IFDURR T NI O % AR A B 1, A 1
] P s 5 5 200 L 55 BRI 52 388 | 375 2 Y TR 400 B O 1 %
— FRIVRAIE I ST, ¥4 18 Bl ok o83 6 B Ak 1) 7 10
HERES, H T MM TG KT, TG 24
KN & TG BINRHEE F 5% B UL LA S AR FR G /N i
HRAR FUBURL A7 3X Uk B 0RE AR it 22, B H TS R
A RESZAN, 3 B ML P A 2 B 2 S TN
AR S 2D A B RO RERE AL TR B
H= s BEFEIREA (high density lipoprotein, HDL)
A 5 I 3 R s R AR BT AR S PR S AR
F X Sl kR AR A B SEGERLN . 1 HDL 7K F-
AR DN 25 58 110 3 Ik 585 A B P o I 7 95 0 1) 2 A KL

U7 BEE S BRI AR TUURY A8 RRE K
o2 D B 4 2 DR 2R A R R TS i A RE Y 25 4
A peE et B A S U B 4 T B0 A L T
RE TR, BFFERIT, B PR 5 w5 B AT P 38 2o e 2
P R ROVE B0 A R B2 AR 2 koo A T A6 AH 56
DR e i, 2E T 0 S Bl Bk ok A A AR Y R AR R
JRUS) o — R B s ORI A S35 L AE I A 9 AR
HERE T OCEE L AR F RO S e 5 2 2

Sl KA R Ak 1 32 2 3% B R 3l OB 1) 9 B ek
A HARATHE B0 Jok A R 55 v R IR, DA R o A i v
TRE S RAE Sk IMT J2 3 bk o R AT Ak 5 109 Y
SERPEAR Y B AR LG R 22 R, B Ik R S n Y iig
MAE AR 4 e AT R A Guo %6 I A SWE
TEAS AR I 25 B IE R () S sh ik i 1 | 205 SR 36 B SWE
VAR 25 A AE £ 35 ) Ik o) A e Ak XU 1) o 22
TR, SWE il 5 1) s Pk A B 4% o AL 351 3
JoE () Jey i st BB AR AR AR R E AR 4 A
Tz o] AR R, DR e T A SR DA 25 8 Jok o 1
— BT EE L FEARWES R AR RS A S A
I AR MUAE 2 A9 IMT K B F 4R FL i 22 R G2
B0 SWE SHAAEREER, XRWME T
U | SWE 75 s P4k 0 a0 bk st 528 O i 2
B e AR R

AW H B Pearson M HTEE R B, =4
R ME,  ME & ME_ . 5 IMT £ 1E4]
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ik SWE 2% ) Fh 2 5 0840 28 AL B2 95 DDA G
LDLC ¥ 1EM24, 5 HDLC B A6, X E— 442
NSk SWE 28009 748 1k 5 w5 B ILJE Y 7™ B R
BN, ZondtE MR 45 R 8RR E
S AERS A s BMI R I S AR IR AR N &
T2DM Fliss i I AE A5 5 318 ik SWE 2 80 w5 il 37
FHOC, S/ WEARA Qi 55 T i 2 300 3 ok 3L 52 460 1
Moz fak R,

R GEAFAE— 2 B . 10 BEAR /N, 1]
REFR AR EE R iz a8 e, Kk, SWE HEARA
BAETEJR BR T, a8 /R A1 T 484 5L i & 56 L B ik
g P BB s S, e, RE R
Z T —AWE PRI 25 0 R/ s R AR iR 9T (BRI O
ZEI 5 TP AR T DA 3 S8 36 7 X6 39 3 ik Pk 5
M) Py AR 1

ZE FRTR  E IR IMAE 5 T2DM 8 2% 551 5 ik 5
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