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[(FZE] B8 - HEEH s B R FARRT 2 BB RIS (type 2 diabetes mellitus, T2DM) 8 # W0I PR O I 05045 2 RE 1 52 1 .
Frik - HEI2021 4F 6 H—2022 4F 3 H T bl i 85— N RPE Bt 3 AE 20 B B2 16 9T 1) T2DM A3 83 1, UWE Ak 41 3
(hemoglobin A, , HbA,) 7K V-4 Ifi 45 il BEAE (satisfactory control of glycaemia group, SCG) 41l il 4% ¥ il 7~ ¥R AR
(less satisfactory control of glycaemia group, LSCG) 2H, [FIMFEHOMFZH Zik 3 54 6] . bRuERI A Dl FREE S, 503k
BUED E LSRR INFES B A Z DN T)Z L DAL 2RO AME T )2 48908 A8 (global longitudinal strain, GLS) #§45
GLS,,,« GLS  FIGLS, o R 20T 25 L, MR ] Pearson A&7 FI 202 Mk 01 70 A . i 52 1K
BEVEFFE (receiver operator characteristic, ROC) £k 43 A 20 i) i A5 LSS 551 T2DM 35 I IR U LT RE 468 35 #1323 RE -
G55 - B[00 JRE I RN J B BEJRE S AE LSCG 4R T SCG LR IRZHL (35 P<0.05) , T 7E SCG £H AR R4 ] 22 53 L 1%
B (¥P>0.05). SXTHAIM N, LSCG A M SCG 4 i A2 % &7 sk L BB S b 2R 11 &% 5k M il i 4 (early peak flow
velocity by Doppler, E) /250> % MU BE 42 g 35 &7 5K . 1132 2 # i (early diastolic velocity of the mitral annulus by tissue
Doppler imaging, e) X%k HZR A G5 L (¥P<0.05), 1M LSCGHISCG LA MHEF LG #E L (P>0.05), &
D E L AMEUE 3 4L 22 SR IESE 38 (P>0.05). HLSCGALLE, GLS,,, . GLS, . GLS_ M4 /B AR EAE SCG 4l

mid

endo

A IR IR (3 P<0.05), TTE SCG AN MR 22 5 L4t it L (P>0.05). HbA, J& GLS M GLS, 7 i ¢
S E (B H)H-0.198 F-0.239, ¥JP<0.05). GLS,, . GLS_ FIGLS_ £ LSCG 5 SCG 4L AT th 42 WA g, i

28 1AL (area under the curve, AUC) 434l 24 0.754 (95%CT 0.624~0.884) . 0.755 (95%CI 0.624~0.885) #10.751 (95%CI
0.619~0.882), Z5i% - MUBHFEHIAFRAE ) T2DM B4 0 WUSAE D REVSAR, X FIEIR PRO L 15 HbA | 7K 5237 A 5%
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[Abstract] Objective:To explore the relationship between poor blood glucose control and early impaired cardiac function in

patients with type 2 diabetes mellitus (T2DM). Methods-:Eighty-three patients diagnosed with T2DM in Jiading Branch of
Shanghai General Hospital from June 2021 to March 2022 were selected and divided into two groups according to the level of
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hemoglobin A, (HbAlc): satisfactory control of glycaemia (SCG) group and less satisfactory control of glycaemia (LSCG) group.
Fifty-four subjects were in the control group. Echocardiography was performed to obtain left ventricular structural and functional
GLS
The parameters were compared by using analysis of variance. The correlation analysis was performed by Pearson correlation

parameters and left ventricular subendocardial, medial and subepicardial global longitudinal strain (GLS): GLS and

GLS

epi®

analysis and multiple linear regression analysis. The diagnostic performance of longitudinal strain in differentiating subclinical

endo’ mid®

myocardial dysfunction in patients with T2DM was analyzed by receiver operator characteristic (ROC) curve. Results:The
thickness of the ventricular septum and the posterior wall of the left ventricle were thicker in the LSCG group than in the SCG group
and the control group (all P<0.05), but there was no significant difference between the SCG and the control group (all P>0.05).
Compared with the control group, the left ventricular diastolic function index E/e (early peak flow velocity by Doppler/early and
atrial diastolic velocity of the mitral annulus by tissue Doppler imaging) was higher in both the LSCG group and the SCG group (all
P <0.05), but there was no significant difference between the LSCG group and SCG group (P>0.05). There was no significant
GLS, ., and

endo’ mid

difference in left ventricular ejection fraction among the three groups (P>0.05). Compared with LSCG group, GLS
GLS,, were higher in the SCG group and control group (all £<0.05), but there was no significant difference between the SCG group
and control group (P>0.05). HbA, was an independently negative factor of GLS ,, and GLSepi (f=-0.198 and -0.239, all P<0.05).
GLS,,,» GLS,, and GLS_; had moderate diagnostic performance between the LSCG group and SCG group, with areas under the
curve (AUC) of 0.754 (95%CI 0.624 —0.884), 0.755 (95%CI 0.624 —0.885), and 0.751 (95%CI 0.619 — 0.882), respectively.
Conclusions:T2DM patients with unsatisfactory glycemic control have reduced myocardial contractility, and this subclinical
myocardial damage is independently negatively correlated with the level of HbA .

[Key words] echocardiography; type 2 diabetes mellitus (T2DM); strain; hemoglobin A, (HbA); two-dimensional speckle

tracking imaging
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1.2 Wik

1.2 BEEARBARCE IR R RO SR
g S o BRI S (P 2 BUBE RS B iR EE R (2020
AR ) T s WibRiE AR #>11.1 mmol/L k75
A% =7.0 mmol/L. & Il Fs (2 Wids vEAR B (b &
MIERTATER (2005 4R 8TTHO) ) ™. 2K H YT
J 25 WA FR K R M, K I A5 B i B%  (fasting blood
glucose, FBG). KLJH[E i (total cholesterol, TC) .
=Wt H W (triacylglycerol, TAG) . {5 5 A H
[% % (low-density lipoprotein cholesterol, LDL-Ch) .
% IR & A B [E B (high-density lipoprotein
cholesterol, HDL-Ch) #lHbA, /K. FFIRET,
% HI H 4 PASESA AVE-2000Pro fi 4 X 3l ik I 461 1%
R Z AR E W4 JE (systolic blood pressure, SBP) .
75Kk E  (diastolic blood pressure, DBP) . Hu.rxaffikik
45 1% (central systolic blood pressure, CSBP) Fl k8
(pulse) #53K, HWCOFIIMA.

122 @HOsEKA 8 AE N = ORI
Philips EPIQ7 ZURZ (4 22 3 i A i2 W, #4k S5-1,
W% 1~5MHz, FC# QLABZR T EMG-Hr TR, 32
WHZERMY, PR, [FRDEREOHRIE, SR

INF-LAT
BB

2023, 43(8)

(Y 75 O gl R A, AR MRS [R) B AT ok R B R R
(interventricular thickness at
IVSd) . 7o % J5 BEGT 5k R IR B2 (left ventricular
posterior wall end-diastolic thickness, LVPWd) . ZZ.0»
S G| I N7
dimension, LVEDD) . 7.0 % W48 RN (left
ventricle end-systolic dimension, LVESD); & Ikl
220 WK B A 11 &7 5k LD il Y B B (early peak
flow velocity, E), HIZ1Z 28 15 A 0 % M BE —
R IR EF 7k 12 B M (early diastolic velocity of
the mitral annulus, e) FWEIHIZZNH S (late diastolic
velocity of the mitral annulus, a), 84O EEFK
YIHeFE 45 Ele fl efa; R Simpson XV [ % AR LA
ZE BS540 (left ventricular ejection fraction, LVEF)
VE RO RES SR . R L DLRMIE . =
JIEE R DD Jl o 14 3 2 3 A0 B A B 0 — 4k K B 3 25 &
B, TR T .

1.2.3 GLSZr#F M4 scik ™ 407 i, R A
QLAB & - Hrik s, KM GLS,,,. GLS,,. GLS,;,
ANBIANEN TR . A0 % GLS MbriE, FUE R RIS
A, IEEFR I

septal end-diastole,

(left ventricle end-diastolic

YMEE JMEEE FEAEE #BOLEE £

Note: A. Two dimensional speckle tracking map of the apical 4-chamber view. B. 6-segment color-coded map of longitudinal layer-specific strain in left

ventricular myocardial. C. Bull's eye view of peak longitudinal strain in the 18-segment of left ventricular myocardial. D. Longitudinal strain curve of the left

ventricular apical 4-chamber view in 6-segment.
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Fig 1 Analysis of subendocardial GLS in left ventricular myocardial

1.3 il Fnhr

% FH SPSS 23.0 fil MedCalc 15.8 %k 4 647 40 4>
Mo BB xks TR, RSN ZR T 220 kAT
B e, AR R H LSD-g K55 s M Bk
DIEC (A3 Fon, R R #EAT 4R .
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¥ H Pearson AH G 43 By AT SR AR DCHE 005
14l SBP. DBP 45 4%t X 470 % 43 )25 A 1) 1y 2% 1) 5%
M, R FH 22 JeZe M 1 H 43 B i AT 22 D AR OC 1 43 # -
g 2 ) 32 i 4R AF K¢ AE (receiver operating
characteristic, ROC) £k, WWHRSERMIZWIRLGE,
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LW AN [a] J2 00 U 0 2 AP AE 25 57 o P<0.05 19 2%
FAG RS

2 &R

21 —BERE

gy A T2DM 3% 83 i, b B4 5049, %2 33
B, AR 28~80 %, “FIAEIE A (61.7+11.3) %
IMBEE I FEARZE 17 ), OB AN ERAR 20 66 5 XF
MR saf], Hoh5 3240, 226, Hih34~75%,
SEYAERY N (54.9£10.6) %

MFVPIR, 3HEZIREEEI B . B
R RERSREZER LG EE X (B P>
F£1 3AZTRE—RARILE

Tab 1 Comparison of the basic characteristics among the three groups

0.05). SXFREAHAE, SCG 41 A1 LSCG 4 Z ik # 4F
WK, SBPE i, ZRALGI¥E L (HP<
0.05). SCG 415 LSCG 4 3Z ik # 18] & Ft i afi He i o
BHE G 2E R gE X (P>0.05). DBP. Jik
FEA CSBP 7E3 Al A 2 % K& it %8 X (¥
P>0.05)

2.2 EAEfibs

Wz 278, 34 TC. TAG., HDL-Ch FllLDL-Ch
225 G247 (¥ P>0.05). 341FBG fIIHDbA
fEfE2: 5, HLSCGH i TR IRZHM SCG 4 (¥ P<
0.05), 1M SCG 415 Xt 41 [f] () 22 3 JE4e it 2 X
(¥3P>0.05).

Item Control group (n=54) SCG group (n=17) LSCG group (n=66) Fly value P value

Male/n(%) 32(59.2) 10 (58.8) 40 (60.6) 0.031 0.985
Agelyear 54.85+10.62 65.71+7.04" 60.65+11.93% 7.839 0.001
Height/cm 164.83+8.12 164.24+7.86 165.74+7.94 0.332 0.718
Weight/kg 63.28+11.15 63.71+13.55 68.32+13.48 2.626 0.076
BMI/(kg* m’z) 23.2343.32 23.53+4.24 24.82+4.44 2.499 0.086
SBP/mmHg 127.31£20.80 143.06+24.80° 143.15+23.84Y 7.868 0.001
DBP/mmHg 78.81+12.11 80.59+15.53 82.76+14.22 1.255 0.288
Pulse/(beats* min™") 80.07£12.81 79.47+12.62 79.20+12.89 0.067 0.935
CSBP/mmHg 124.94+17.06 125.71+11.52 129.40+17.24 1.097 0.337
Hypertension/n(%) 0 (0) 3(17.6)% 23 (34.8)" 23.479 0.000

Note: "P=0.000, ?P=0.004, ®P=0.014, compared with the control group. 1 mmHg=0.133 kPa.

®2 JAZTKELENIERILR

Tab 2 Comparison of the biochemical characteristics among the three groups

Item Control group (n=54) SCG group (n=17) LSCG group (n=66) F value P value

TC/(mmol'L’l) 4.30£1.04 4.44+1.10 4.58+1.26 0.915 0.403
TAG/(mmol 'L’l) 1.41£1.00 1.85+1.04 1.72£1.12 1.745 0.179
HDL-Ch/(mmol-L™") 1.1040.30 1.10+0.37 0.99+0.34 1.785 0.172
LDL-Ch/(mmol-L™") 2.854+0.96 2.64+0.93 2.87+1.06 0.348 0.707
FBG/(mmol-L™) 5.29+1.28 5.50+1.13 8.30+2.977% 29.469 0.000
HbA 5.31+0.82 5.98+0.67 9.19+2.75"% 60.215 0.000

lc

Note: “P=0.000, compared with the control group; 2p=0.000, compared with the SCG group.

23 KO EEHIDGEK GLS B35

Je0 2 45K 28 LVEDD M LVESD 7E 3 4 1] 2% 5%
gt L (¥ P>0.05), 1VSd FILVPWd7E LSCG
HIHJET SCGAH X IR (1 P<0.05), TMAESCGHI
Xf BRZH ] 22 S JCGe 7 2 S0 (B P>0.05) . S5 XTHRZH
A, ElefE LSCG 40 F1 SCG 4%k (¥5P<0.05),
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MM7E LSCG M SCG 4 [7] 22 S+ L ih2= 7 L (P>0.05)
3Y1IA LVEF fFEZF RS T2 E XL (P>0.05),
HLSCGHlILE, GLS,,,. GLS, M GLS_ ik

TEAS BB AT BRZH A SCG 38k (34 P=0.000), Tfij

endo ™

TEXT IR M SCG Al Bl 2 F g i+ L (P>0.05),
ZEIRPENLE 3,
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Tab 3 Comparison of left ventricular structure and function, and GLS among the three groups
Item Control group (n=54) SCG group (n=17) LSCG group (n=66) F value P value
LVEDD/mm 48.09+10.38 46.31+7.41 46.99+7.60 0.366 0.694
LVESD/mm 29.27+3.67 28.64+3.73 33.28+32.92 0.561 0.572
IVSd/mm 8.61£1.02 9.25+1.13 9.48+1.38" 7.710 0.001
LVPWd/mm 8.52+0.94 8.68+1.16 9.05+1.39% 2.932 0.057
LVEF/% 0.59+0.09 0.55+0.09 0.56+0.09 1.723 0.183
Ele 6.52+1.64 8.93+3.70% 8.12+2.937 7.991 0.001
ela 1.16+0.51 0.86+0.427 0.82+0.42% 8.467 0.000
GLS,, /% -21.35+3.79 -21.88+3.29 ~18.46+4.375¢ 9.532 0.000
GLS, /% -20.27+3.78 -20.75+3.14 ~17.47£4.17%9 9.489 0.000
GLScp./% -19.2243.76 -19.56+3.18 -16.23+4.0059 10.966 0.000
Note: “P=0.010, 2P=0.018, “P=0.001, YP=0.022, ®P=0.000, compared with the control group; ©p=0.002, compared with the SCG group.
2.4 HIFEAE S B 0.171 #10.177, #JP<0.05). {LGLS_, 5 HbA & fiAf]

P I LA E P RIS
47 R . M M PR 4Y BT 45 AR R . GLS,, .

GLS,,HMGLS

mid ep

endo

5SBP Rt (HES 5] H-0.177,
-0.186 Fl1-0.171, ¥JP<0.05). GLS

il GLS, 43 1

L5 CSBP il LVPWd £ i A 3¢ (r {E 43 51 - 0.181 .
-0.194 f1-0.195, -0.181, ¥ P<0.05), Tfi5 HDL-Ch
EIEME (P E 2518 0.199 F10.197, 4 P<0.05) .
GLS,,, Fl GLS_, 4 % 5 LVEF 2 1EAHSC ({5 4300 H

*R4 EDLEGLSE

2/
-2

lESES: R EES gy

¥ (r=-0.193, P=0.025).

Z R R AH V4 B 45 R 478, LVEF #l TC J2&
GLSe,,,. GLS_,, I GLS, By 7 IEA G [ R (B
{8 43 41 24 0.205. 0.205 F1 0359, 0.339.

mid
0212,
0.330, ¥ P<0.05), ifiif LDL-Ch 1 HbA,_ J& GLS,,,
GLS,, iy s AR G2 R (BB 23931 29 -0.360
-0.345 f1-0.198, -0.239, 4 P<0.05).

ISIA
i

Tab 4 Correlation analysis among GLS in left ventricular myocardial and influencing factors

Item

GLS,,, GLS,,, GLS,_,
Age -0.057 -0.07 -0.103
BMI -0.112 -0.103 -0.109
SBP -0.177% -0.186% -0.171%
DBP -0.071 -0.058 -0.022
CSBP -0.1817 -0.194% -0.159
LVEDD -0.035 -0.034 -0.017
LVESD -0.048 -0.048 -0.028
IvSd -0.144 -0.131 -0.120
LVPWd -0.195% -0.181¢ -0.150
LVEF 0.161 0.171% 0.177"
Ele -0.018 -0.047 -0.043
ela 0.136 0.139 0.140
TC -0.006 -0.008 -0.023
TAG -0.130 -0.136 -0.117
HDL-Ch 0.199" 0.197% 0.148
LDL-Ch -0.117 -0.105 -0.099
HbA -0.158 -0.162 -0.193%

lc

Note: UP=0.040, 2P=0.031, ®P=0.047, YP=0.028,

0.038, ©P=0.013.

()

Univariate correlation analysis (» value)

®p=0.024, “P=0.035, ©P=0.027, ®P=0.022,

JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

Multiple regression analysis (8 value)

GLSendo GLSmld GLSspi
0.031 0.027 -0.036
-0.069 -0.069 -0.122
-0.150 -0.166 -0.188
0.121 0.146 0.174
-0.115 -0.126 -0.088
-0.022 -0.022 -0.005
0.002 0.000 0.019
0.001 0.012 0.009
-0.030 -0.017 0.039
0.205% 0.212% 0.205%
0.018 -0.015 -0.010
0.059 0.051 0.038
0.359% 0.339? 0.330%
-0.103 -0.103 -0.073
0.037 0.047 0.001
-0.377 -0.360" -0.345
-0.195 -0.198" -0.239%

©p=0.037, ©P=0.043, "P=0.021, ®P=0.016, ®P=0.025, “P=

Vol.43 No.8 Aug. 2023
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I il ROC i £ 43 BT GLS,,,,« GLS,, Il GLS, %
1) 2 FEUBE PR H 2 HDA, >7% MR I AL fE . dni&l 2 fF
/N, TELSCG 4 5 *FM4im, GLS,,. GLS,,

GLS_ A T mfl (area under the curve, AUC) 43

epi

5 R 0.682 (95%CI 0.586~0.778, P=0.001) . 0.679

A
1.0 -
0.8 -
> 06
=
G
5
B 04|
— GLSengo AUC=0.682
02 — GLSis AUC=0.679
—GLS,, AUC=0.700
1 1 |

1 1
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

hie, % LB AR 2 SR A N B Ul e s | 1029

(95%CI 0.582~0.775, P=0.001) Al 0.700 (95%CI
0.606~0.794, P=0.000) ; fE LSCG 415 SCG #i "],
GLS,,,. GLS_, #l GLS_, 1 AUC 7} Jil i 0.754
(95%CI 0.624~0.884, P=0.001) . 0.755 (95%CI
0.624~0.885, P=0.001) F1 0.751 (95%CI 0.619~
0.882, P=0.002),

B
1.0F
08
206
z

» 04+

02 — GLS AUC=0.754

— GLSu AUC=0.755

—GLS,,; AUC=0.751

1 | | . ,
0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Note: A. The LSCG group vs the control group. B. The SCG group vs the LSCG group.
2 AEDEOIS BN E R LR OB SERE ST H ROC #2517 B

Fig 2 Prediction of myocardial contractility with longitudinal layer-specific strain in left ventricular myocardial using ROC analysis

3 idie

HbA,| JKP IR PR 5 i i 48 b, S IR
BRI RAEB M Y ARTFIT LI, BRI
AHAR R E DS BER R, e YN ) A T REFIET
TKDIRERIRRAR s BRACHY 2000 I IR DI 5 2 2 IR
45 Ty A 48 AR Al 7 IEAH DG, T 5 HbA 7K P il 37 6
FHIE

PRS2 O LA 1 — R R R, Ui
R A A BE T S IR A AR A 2 B A
HbA, K-S MR 2 S FAR A < S bnde” o A
L K, HbA, 52 HFE T3 A0 MBI 1Y
FETRE “U” MSEFR . HbA, >7% 5 HbA, <6% i,
SPFET AL MR FET e BN . X T RE R
PR A AR ) A BEAHL, HbA H8 o 35 A0 0 38 2 A 1) 0
PETEAY . O PR A O M AT RS, 2 T3 00 1l 4 5
PR Uy AR R A i R R L 0 W AR
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