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Abstract

Objective: To evaluate the three-dimensional strain of the left ventricle in patients with type 2 di-
abetes mellitus (T2DM) by three-dimensional speckle tracking imaging (3D-STI), and discuss the
relationship between the three-dimensional strain and HbA1c. Method: A total of 51 patients who
were clinically confirmed T2DM were collected and divided into a group of 21 patients without
microvascular disease (DM1 group) and a group of 30 patients with microvascular disease (DM2
group), and 25 healthy volunteers were selected as the control group at the same time. Two-
dimensional echocardiography was applied to measure the left atrial anteroposterior diameter
(LAD), left ventricular end diastolic diameter (LVDd), left ventricular end systolic diameter (LVDs),
and interventricular septal thickness (IVST), left ventricular posterior wall thickness (LVPWT),
early peak diastolic flow rate (E), late peak diastolic flow rate (A), early peak diastolic velocity (e")
and left ventricular ejection fraction (2D-LVEF). 3D-STI was applied to collect apical full volume
images, parameters including left ventricular global long axis strain (GLS), left ventricular global
axial strain (GCS), left ventricular global radial strain (GRS), left ventricular ejection fraction
(3D-LVEF), and left ventricular mass (LVM) in order to access the differences between 3 groups of
these parameters and explore their correlation with HbA1c. Result: The four parameters of IVST,
E/A, €, and E/e’ showed statistically significant differences among the three groups (P < 0.001),
while LVPWT showed statistically significant differences among the three groups (P < 0.05). In
pairwise comparisons between groups, there were statistically significant differences in IVST,
LVPWT, E/A, ¢’, E/e’ between the DM2 group and the control group, as well as between the DM2
group and the DM1 group; Compared with the control group, the IVST, LVPWT, and E/e’ of the DM2
group increased, while e’ and E/A decreased; Compared with the DM1 group, the IVST, LVPWT,
and E/e’ of the DM2 group increased, while e’ and E/A decreased. The five parameters GCS, GLS,
GRS, LVM and 3D-LVEF showed statistically significant differences among the three groups (P <
0.001). In pairwise comparisons between the groups, GCS, GLS, GRS, LVM and 3D-LVEF showed sta-
tistically significant differences between the DM1 group and the control group, DM2 group and the
control group, and DM2 group and DM1 group: compared with the control group, the GCS, GLS and
LVM of the DM1 and DM2 groups increased, while the GRS and 3D-LVEF of the DM1 and DM2
groups decreased; Compared with the DM1 group, the GCS, GLS and LVM of the DM2 group in-
creased, while the GRS and 3D-LVEF of the DM2 group decreased. Correlation analysis showed that
HbA1c was negatively correlated with GCS, GLS, GRS, LVM, and 3D-LVEF (r = -0.637, -0.562,
-0.515, -0.606, -0.598, P < 0.001). Conclusion: The left ventricular systolic and diastolic functions
of T2DM patients were impaired, among which, the differences between 3D-STI parameters were
more significant. 3D-STI can accurately assess the left ventricular function status of type II di-
abetes patients, so as to prevent and treat the heart function damage of T2DM patients timely.
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1. 518

WERF G282 R85, ZREHHRZ, HA Lo mE SRR o™ E, & 2 BRI S
I FEEMBETR R[], 5 4 P A A AN RE R S e 2 ZRBE PR 3 1) O ThRE B R L. A AL
IE ] = 4EBF /538 550K (three-dimensional speckle tracking imaging, 3D-STI)% T2DM H 5 () /2 0 28 Th g
TR, IR H S8k 21 2 (A (glycosylated hemoglobin, HbALc) 2 [A] % & .

2. ERE5 A&
2.1. HIRM®

IEHX 2023 4 1 H~2023 4 7 H T35 B R & B Be (DT i bR “ 3B ” )2 R 1) 51 1] 2 U6k R
R, BERRIZWRESE ChE 2 BB R P A TR 2020 fERR) [2], A MEMK A &S > 7.0 mmol/L
B 1 AR 2 B BRI 2 h I A AT RE > 11.1 mmol/L. HERRARdE: A O EGFRE AL, S
(LVEF) < 55%; il M H ORI Ja RV ONm: IED%E; O RSk e
WAL OO A B RO A4 FFE TR A A . IKIE 2T & Ui E 22 7 B4l T2DM 41
(DM1 4H) 21 4, 55 11 4, 2 10 f4i], “Fik% 43~62 %5, 135 (54.6 +5.1)% . T2DM & Il &k AL 2H (DM2
) 30 5], 55 14 61, £ 16 %1, G 45~62 %, “F15(54.9 £5.4)% . WUNME AR EYE: © BRI HE E
SR @ FEREER: © FERBIMERAE . 76 FIRMER — K2 W& H M EmE. 5ik
AT Beahi2, SR rEn] . o EAH VL RC i fa RS R 25 ), Horb 53 12 4], 2 13 4], 4F i 41~65
%, PHI(52.7 £5.2) %, BT EME. I P B ACEITER, AR, X & B OSRBTER
e WAL B MIRIR R, IR, Mal. B5. RE. AETEE(body mass index, BMI). BSA.
MR (e FP5KE) . BLIALEE (A (HbALC). AT 3R & KM B EE B FEZ S it
fit5: QYFY WZLL 28113), Frfi il E Y CEBEMIERE .

22. U#EERZE

J.F] Philips EPIQ 7C iAW, WEEZE AL MIEML, “FEprpi, E# =SB0 HE. KA S5-1 3k
AR ARG, O B AR OR I N AR (LVDd) L A2 0 3 W R 1 A 48 (LVDs) . 47 7K K B2 AR
(LVEDV). W4a KIABF(LVESVY). &7 5k AW = [ B8 JEEE(IVST) &7k R B0 0 = 5 BE 2 B2 (LVPWIT),
A S 0B A 1 AT 5K L IG {7 Vi (early peak diastolic flow rate, E). 23 4% 5k i S s {1 13 &5
(late peak diastolic flow rate, A), 115 E/A, 2023 255 & — I e PR &7 5K FL I AE 3 % (early peak diastolic
velocity, €’), % Ele’, N Simpson RIS 4200 4105 $0(2D-LVEF) . PI#e =485k X5-1, fE04R
VU Jis o DI THI K PR R RE 28 G I& s b A, R A =4, AT A 4 ANOBIH, REMUHER L= =42
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(left ventricular ejection fraction, 3D-LVEF), & /50 % &7 5K A .0 U5 & (left ventricular end-diastolic mass,
LVM). 7205 34445 H] W 4% (global radial strain, GRS). 7 :0a % B 4A 40 [ )% 4% (global longitudinal strain, GLS)-
e U =S FEAA [ JE % A8 (global circumferential strain, GCS). e 0y % 18] - AR HIZE LA K 17 5 BRI o

2.3. GitER*E
K F SPSS26.0 i AFHHATHAE 4T, FTE R R T ESKYE, 1IE&0 A0 R R L5

+ FRAEZE(X £ ) REBIR, &S0 BT E TR LU AL 3 (P25~P75) kK an, 11T R DU £ (%) R
TR PR 8] LR BCR FH 5 2 43 M SRR AR 56, 280 1m) 79 75 L 38R Bonferroni 72 11300 RHA IR LR A
A, 5T 2 IESS A RERL KA Pearson Mo M 3155 HbALc HI< R X T IR/ Ai 7k
K H Spearman #H55 3 #3515 55 HbALc (95 K. P <0.05 #L/F %34 Giit2 L.

3. HFR

3.1 —HRFER

IAMMAFERE . ThRl. S| BSAL Wdelk. OFRGF—RERLERY IS EE (@Y P > 0.05); HXf
FRZHAHLEL, DM1 4. DM2 iR E A giit ¢ 27 (P < 0.05); SxtIE4MEL, DM2 HErik s B A St
R X (P <0.001), 5 DML Z4AHLL, DM2 A& K EFEA S8 (P < 0.001); DM1 4. DM2 41K

BMI. HbAlc 5xHAAHEL, ¥ STt X (P <0.001), W% 1.

Table 1. Comparison of general clinical data among three groups

= 1. 3 tH—fRIm AR B RT EE

ZH 51 ot B2 DM1 4 DM2 4 FLAIZ 4 P {H
R 25 21 30
() 52.7+5.2 54.6+5.1 549+ 5.4 1.316 0.275
PRI, %) 48 52.4 46.7 0.168 0.919
£ E(m) 165.28 + 8.27 165.71 + 6.16 165.70 + 5.77 0.033 0.968
4 5 (kg) 61.7 (57.8~68.4) 60.2 (54.5~68.0)° 62.9 (58.5~74.1) 7.722 0.021
4151 of HEZH DM1 4 DM2 241 FliZ 18 P
BMI (kg/m?) 23.0 (21.5~23.8) 22.5(21.6~26.2) 24.8 (23.1~27.7) 21.128 <0.001
BSA (m?) 1.74 (1.69~1.84) 1.85 (1.74~1.90) 1.84 (1.72~1.93) 5.273 0.072
SBP (mmHg) 122.8+6.1 122.2 + 6.6 1255+7.0 1.876 8.161
DBP (mmHg) 79.2+4.2 789+5.2 75.2 +6.2% 4.769 0.011
L (Y /min) 70.0 (61.0~76.0) 69.0 (66.0~73.0) 72.0 (65.0~82.0) 1.682 0.431
HbA1c (%) 5.08 (4.82~5.44) 7.7 (5.94~10.00)% 9.3 (8.10~10.83)* 40.103 <0.001

LT HRZAHEL, P <0.001; 5 DM Z1AHE, PP <0.001.

3.2. BHEEER

IVST. E/A. €. Ele’iX 4 MaIrfE 3 4lIA1 2 5A St %= (P <0.001), LVPWT 7E 3 M ERE SR
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T (P < 0.05); fEALmBEF LR AH, IVST. LVPWT. E/A. e’ E/e’ff DM2 L 5% 841, DM2 4
5 DM1 AR ZE S A S, S A, DM2 4% IVST. LVPWT. Ele’$# K, e'. E/A /),
5 DM1 4AHEL, DM2 A IVST. LVPWT. Ele’dk, e’. E/A /DN, W 2.

Table 2. Comparison of left ventricular volume and functional parameters among three groups of echocardiograms
2 2. 3tHEBAR LHME L L ERTR RIS HELE

5] Xof HEZH DM1 21 DM2 £ FlyiZ 18 P4
LAD (cm) 3.37+0.29 3.57+0.50 3631051 2.466 0.092
LVDd (cm) 4.48+0.20 439+0.35 4.46+0.31 0.543 0.584
LVDs (cm) 240 (2.30~2.64)  2.3(213-2.46) 2,52 (2.14~2.90) 2.889 0.236
IVST (cm) 0.89 £ 0.05 1.00 + 0.07 1.04 £ 0.06® 8.538 <0.001
LVPWT (cm) 0.89 £ 0.07 0.90 £ 0.04 0.92 £ 0.04% 4.741 0.012
5 o HE A DM1 4 DM2 41 FliZ 18 P
E (cm/s) 72.92 +15.98 71.26 + 16.61 67.25 + 19.43 0.758 0.472
75.9 67.0 775
A (em/s) (59.45~84.26) (61.57~94.01) (68.59~94.40) 2811 0.245
1.10 0.90 0.80
EIA (0.90~1.20) (0.90~1.00) (0.80~0.90) 23.584 <0.001
e’ (cmis) 7.68+1.20 7.04+1.72 5.62 + 1.64% 13.098 <0.001
Ele’ 9.68 243 10.25 +1.38 12.14 +1.87%® 11.865 <0.001
2D-LVEF (%)  61.0 (60.0~62.0)  60.0 (60.0~61.0) 61.0 (60.0~62.0) 1.347 0.510

L HRZAHEL, P <0.001; 5 DML Z1AHE, PP <0.001.

3.3.3D-STI &#

GCS. GLS. GRS. LVM. 3D-LVEF X 5 " Z#{f 3 d[f £ %A Fiih 5 & (P < 0.001), fEZH[EPN
Pttt , GCS. GLS. GRS. LVM. 3D-LVEF 7£ DM1 4 5% #8420 . DM2 41 5%} 841, DM2 415 DM1
A ) 2 34 goit2f s L Sx IR EE, DML 41, DM2 44/ GCS. GLS. LVM 14K, GRS. 3D-LVEF
;5 DML ZHAEEE, DM2 4111 GCS. GLS. LVM 1K, GRS. 3D-LVEF y#/, W3 3. & 1. K 2.
K 3,

Table 3. Comparison of 3D-ST| parameters among 3 groups
% 3. &4A 3D-STI BHELE

4151 pagickiil DM1 4 DM2 4 FlyizZ 18 P&

317 25,70 22,30

GCS (%) (~33.85~22.65) (-26.45~24.95)° (-22.98~21.68) 63.222 <0.001
22,40 ~19.60 15.25

0,

GLS (%) (-23.25~21.05) (-20.35~18.55)* (~16.43~14.38) 52462 <0.001

GRS (%) 45.04 + 3.60 39.09 + 1.96° 32.48 + 4.11% 90.130 <0.001
104.0 1110 113.0

LVM (@) (103.0~107.5) (110.0~111.0)° (112.0~115.0) 49.855 <0.001

3D-LVEF (%) 62.38 + 4.20 56.53 + 3.81° 50.31 + 4.13% 60.231 <0.001

XA, P <0.001; 5 DML ZHAfEL, °P <0.001.
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Figure 1. Left ventricular strain parameters and strain curve of control group patients. (A) GCS (B) GLS (C) GRS
E 1l MRABELLCENTSHRNTMLZE. (A) GCS (B) GLS (C) GRS

Figure 2. Left ventricular strain parameters and strain curves of patients in DM1 group. (A) GCS (B) GLS (C) GRS
E 2. DM1ABE L LENT SRR ETrZE . (A) GCS (B) GLS (C) GRS

Figure 3. Left ventricular three-dimensional strain curve of DM2 group. (A) GCS (B) GLS (C) GRS
3. DM2 A b E = HEN T . (A) GCS (B) GLS (C) GRS
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3.4. =ZtA ¥ 3D-STI £H 5 HbALc BIHEXM L

FIME T4t 2R, HbALc 5 GCS. GLS. GRS. LVM. 3D-LVEF ¥ 6k 5%(r = —0.637. —0.562.
—0.515. —0.606. —0.598, P <0.001), W7 4.

Table 4. Correlation analysis between indicators of left ventricular systolic function and HbAlc in T2DM group
= 4. T2DM 4 A EERNHRTIRE B 1RHR S HbALC FYHE XM 4T

4H 5 GCS GLS GRS LVM 3D-LVEF
r {4 -0.637 -0.562 -0.515 —0.606 -0.598
P14 <0.001 <0.001 <0.001 <0.001 <0.001
SR, P <0.001; 5 DML ZAHEL, °P <0.001.
4. Wi

BEPRIpE A2 N7 R H W, RIWZIEE BT, I A FRARES, SO A Ge N FRw T A
WA e E . R A A R RA R KT s, BREIRA RS E S Z RGN . 1972
4, Rubler ZE[3174E T 4 FIFET 70 ML O 7 3 vl AL O 8 HORE RO R, SR B UL /I I B 4
Oy EEE RN E R R, B peas, AR 2B EAEl, 25 EONR R AR O .. B E T
FHEWRN, Hamby ZE[413F S8 BRI MO UK IAFAE . AW RRM[5], T2DM L4, IS8, &
ML PR T 2 b 2 30, T 5 350 R P B e O A . TG A SR, o0 ) 3 0 A2 W PR S F8 3
NI RAEZ —[6]. L, fE0IME RS HI SRR AT, S A R0 HE PR 83 1O D e
TVl B A R . AR, T2DM 51 M N AR SR IS ET TR DI RERRAS (7], QR A RE1S 2
SIS A BT K P B2 T2DM 38 1Rz 1 AR A7 [8] [9] [10]. & — 4k 75 0 sh I nT R H /AL Ele’
LVEF 250l 22 D = 68, EAFMEIRE, AREeaRELEE WA OEIhEESCE, 1N 3D-STI jwy LA
RS BLSCHb PP B D E DR . AR, SFIRDIRE A Fa AR E/AL e\ Ele’fE T2DM & JF i
IR AT R, T2DM A Ui E AR A 4l T2DM R 22 R A4t e L, H EIA. e,
Efe’ 78 5.4 T2DM ZH A FR A4 1) 22 53 T 4 1127 2 X, 2D-LVEF VE 9% R SR 22 0 S5 U 45 T B I s »
HAREMER . A 280 S 4l T2DM 38 1 26 O = ISR D BE R BRIRFEE[11] [12], IFAREMERG. 2L
i S e e o0 =5 SR B AR T RE R 32 5 L [13] . BEAh, ARFFE R #4l T2DM 4. T2DM & Ui &
A XIBAE RS OB S5 LVEDD. LVESD. LVEDV. LVESV. 2D-LVEF LL#;, RIS
B, YU OB B EA BRI VR4 T2DM B D IR A . MEEFH AN EIA. e’y
Ele’7E 541 T2DM B3 (112 W A FR AU

HbALlc ()& B AN 5 A A D¢, o] LUR BRI ET 2~3 A H M pEK-F, BA &, fee S
R[14] [15], B AR S R S S DL e br e . W iR T2DM 38 e R Fk 2] H bx HbALe, B
BRI RORE 1 XU tH 23 BT FEAR[16]. AR FSE RR I, S IFRUE R T2DM B #1 HbALe /K
T RAL T2DM /9, X5 ZATRIBEFESs R —E[17] [18] [19]. IMZLE AR HERE T IR, S
PUARAE LU, Wi HbALe 7ERE JRI UL E R AS I R AR R R Hre] R 21— e AE A [20] [21].
H HbAlc /K F5 A=A KINAEZ A 55[22]. AWF7LE R BN HbAlc 5 GCS. GLS. GRS. LVM,
3D-LVEF £ 24155, UiWHE#E HbALc This, T2DM HEHE FRm O UL A2 i 7 5 A% B2t 5 2 Rl [23]
WISy e e s A PZI R

e MW 2008 Co LA P 3 P Rp S 1 452493 [25] [26]5 AR 20E LA SR SR AL 28 = K T 1 [27] [28]
[29] [30T#B AT LASZ M Co LA AL AR e ThRE o R FERE It 2 S BCO I SE 74, OI SUR A i
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WAL, A EORE IR LI, O = D BEREAT VEIRAR, BTN L 3R [31] [32]

AW FAEAE € JRRIE: 1 AFNEIBWERT ST, ABE R ER D, J5 I ZEM AR A Rt T2
WETT. 2. =4EPE RUBERARET Lo AR AN S I R B, Tl i 2R & A4 —
SEMIRZE, 3. BT FERTOAME, A, FrES RIS REA — 2 K.

5. &hig

g b, WE R R A O SR S AT K TR 245, 3D-STI 3845 B T V-l bl PR i B 2 O D Bt o A2
N, EHUR. ARG VLR AR, Biva O IhEERR FE ) KA s Kk, H 3D-STI &5
HbAlc AR R AR .
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