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Table 112 T2DM & & OF Non-DM 1285 1) % & #
T ERET RO Rd,

RO ERIZ EDIZ 71K TH - 72, T2DM
¥ £ O Non-DM DK E X & 2 65 £ 14, 57 = 13
kg, BMI % 25.6 = 4.1, 23.1 + 3.9 kg/m> TH 1,
MET T BEEBEZZ R (P <0.001),

LIz > W TCIE, T2DM & & UF Non-DM T,
%a 68 = 10 bpm, 65 + 10 bpm TH YV, Mt Fm

B aniz (P <0.05), MEIZSWTI,
Wﬁ,ﬁﬁmr WX T2DM B W CHEICEEZ R L
(P <0.05), BHFEIAMEE T2DM IZE W TEn
HHZRLIZDS DD, HELEIRDONL) -
720

¥ « UACR Ff i O L Tlk, T2DM Tl FBS
142 + 62 mg/dL, HbAlc 7.1 + 1.3%, TG 149 +
123 mg/dL, Cr 0.8 = 0.3 mg/dL T& Y, Non-DM
FVEFEBCEMBEERLE P<0.00D), —7H,
Non-DM TLDL @ L X 5 o — )l (LDL-C) 93 =+
28 mg/dL, HDL 2 L X 5 1 — )L (HDL-C) 63 =+
15 mg/dL THY, T2DM KV AEIC&SEx R Lz
(%7 P =0.01, P<0.001), UACR IZMEEIZ 51
THEEZRDIED > 7,

2) T2DM & Non-DM D iBEEED ELER

Table 2 IZ4 = 2 —REE D LK Z /R T,

BBFIIFE O TIE, LVEF IZMEHZ BN T
HREREN RO DBNI2h - 7=h (Fig. 1a), LVMI
1%, T2DM % & Of Non-DM C, #% # 101 + 29, 82
+ 20 g/m’ %< L, T2DM CIZERELHEEDHE
IedE % Bz (P <0.001) (Fig. 1b), LAVI @
FTRIZ DWW CIE, T2DM i 26 + 9 mL/m® Z7= L,
Non-DM @ 20 + 6 mL/m® & el U CH & e Ein s
b7z (P <0.001) (Fig. 1c), T2DM iZ & W\ T
X, ERAEBOINKIRENT,

TDIFT R >WTid, ks, flEES K OFEH E/
e' 1, T2DM T#% # 145+ 49, 12.1 +44F &
012.7 = 3.9, Non-DM T % # 12.1 + 3.5, 10.1
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Table 1 Baseline factors and laboratory findings of T2DM and Non-DM patients
T2DM Non-DM P-Value
Number 139 150
Age (years) 71 £ 10 71+ 10 0.959
Sex (male : female) 78 . 61 89 : 61
Body weight (kg) 65+ 14 57 =13 <0.001
BMI (kg/m”) 25.6 =4.1 23.1£3.9 <0.001
Heart rate (bpm) 68 = 10 65+ 10 0.036
Sys BP (mmHg) 132+ 13 129 = 13 0.107
Diast BP (mmHg) 71 =8 69 7 0.028
FBS (mg/dL) 142 = 62 93+9 <0.001
HbAlc (%) 7.1£1.3 5.6=*0.3 <0.001
LDL-C (mg/dL) 85+ 25 93 £+ 28 0.010
HDL-C (mg/dL) 56 += 17 63 =15 <0.001
TG (mg/dL) 149 =123 102 = 49 <0.001
AST (IU/L) 27 £12 26 £ 8 0.197
ALT (IU/L) 26 =16 22 14 0.040
Cr (mg/dL) 0.8£0.3 0.7%0.1 <0.001
eGFR (mL/min/1.73 m?) 68 + 21 76+ 77 0.243
UACR (mg/gCr) 103 £ 422 13 £26 0.117

Mean = standard error

BMI, body mass index; Sys BP, systolic blood pressure; Diast BP, diastolic blood pressure; DM, diabetes mellitus; FBS,

fasting blood sugar; HbAlc, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol; T2DM, type 2 diabetes mellitus; TG, triglyceride; AST, aspartate transaminase; ALT, alanine

transaminase; Cr: creatinine, eGFR: estimated glomerular filtration rate, UACR: urine albumin-to-creatinine ratio
P-Value: T2DM vs. Non-DM patients (Welch’ s t-test)

Table 2 Comparison of ultrasonic indices between T2DM and Non-DM patients

T2DM Non-DM P-Value
Number 139 150
M mode*Pulse Doppler
LVEF (%) 68+ 9 69+ 8 0.221
LVMI (g/m°) 101 + 29 82 + 20 <0.001
LAVI (mL/m?% 269 20+ 6 <0.001
E/A ratio 0.8+0.3 0.9+0.2 0.036
DcT (msec) 226 = 52 215+ 47 0.075
TDI
E/e' (septum) 14.5+ 4.9 12.1+3.5 <0.001
E/e' (side wall) 12.1+4.4 10.1 = 3.1 <0.001
E/e' (average) 12.7+ 3.9 10.6 = 2.8 <0.001
e' (septum) (cm/sec) 50*£1.5 6.0+ 1.6 <0.001
e' (side wall) (cm/sec) 6.0+ 2.2 7.3£2.3 <0.001
e' (average) (cm/sec) 55+ 1.5 6.7+t 1.7 <0.001

Mean = standard error

LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LAVI, left atrium volume index; DcT, E-wave

deceleration time; DM, diabetes mellitus; T2DM, type 2 diabetes mellitus; TDI, tissue Doppler imaging; E, maximum E

wave velocity; e', pulse wave tissue Doppler imaging e' velocity; E/e' (average), average of E/e' (septum) and E/e' (side wall)
P-Value, T2DM vs. Non-DM (Welch’ s t-test)
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a) LVEF b) LVMI c¢) LAVI
(%) P=0.221 (g/m*) P <0.001 (mL/m?) P <0.001
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Each bar represents mean =+ standard error. The number of T2DM and Non-DM patients were 139 and 150, respectively.
LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LAVI, left atrium volume index; DM, diabetes mellitus; T2DM,
type 2 diabetes mellitus
P-Value, T2DM vs Non-DM (Welch t-test)

Fig. 1 Comparison of ultrasound indices, between T2DM and Non-DM patients
a) Septum E/e' b) Side wall E/e' c) Average E/e'
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Each bar represents mean = standard error. The number of T2DM and Non-DM patients were 139 and 150, respectively.
E, maximum E wave velocity (cm/sec); €', pulse wave tissue Doppler imaging e' velocity (cm/sec); Average E/e', average value of septum
E/e" and side wall E/e'; DM, diabetes mellitus; T2DM, type 2 diabetes mellitus
P-Value, T2DM vs Non-DM (Welch t-test)

Fig. 2 Septum (a), side wall (b), and average (c) E/e' in T2DM and Non-DM patients
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a) Correlation of LAVI and HbAlc b) Correlation of heart rate and HbAlc
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The number of T2DM and Non-DM patients were 100 and 100, The number of T2DM and Non-DM patients were 130 and 112,
respectively, coefficient of correlation r = 0.2345, P <0.001 respectively, coefficient of correlation r = 0.2687, P <0.001
LAVI, left atrium volume index; HbAlc, glycated hemoglobin; DM, diabetes mellitus; T2DM, type 2 diabetes mellitus
The correlation between the two variables was evaluated by regression linear analysis, and multiple regression analysis was used for testing.

Fig. 3 Correlation of LAVI and heart rate with HbAlc
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Table 312, Wt4 27D 7oy v#hiik L 0
5t 24 2B HKE « BML, LA%, MTEDOZE
Bl X OCMRREDHBZ/RT, £z, YUXI7 77
789 =& LT, 82BIZEHMENBDHOENTED,
MeE S AE 1L 69%, & IRIR MAE 129, BARE 14.8
%, ML 44% 158D BT,

R IT B G0 64 + 13 kg 2 H 514 62 + 13 kg
oL, 2kg BRI ZRDT= (P <0.001),
BMI IZD>W T H 5 25.3 + 3.5 kg/m* 2» 6 #5-
#%24.6 = 3.3 kg/m’ Z/RL, BEHIZED 0.7 kg/m?
HERKTZEDZ (P <0.001),

OB 56T 66 £ 12 bpm 2> 5 5-1% 63 + 10
bpm NHFERE T EZR L (P <0.05), YAELMm
JEIZ#% 5-5j 133 = 18 mmHg 7 5 # 5-%& 126 + 11
mmHg NG ERIE N 2R U7 (P <0.001), #hE
WIMEIZ>WTH, 540772 = 12 mmHg 5 #

%68+ 7mmHg N BAEREFNEZRLE (P<
0.001),

Mg AT A Cld, FBS 124551 158 = 80 mg/
dL 22 6 B¢ 5-% 117 = 35 mg/dL N A B /2K Nz /R
L7z (P <0.001), HbAlc B 5 R 7.3 £ 1.7% 0
HHG51%6.6 = 0.7 NAELETZRLE (P<
0.001), I{FHRE DL & LT LDL-C 13 5-5i 88
+ 24 mg/dL 2 B 5-%% 84 + 23 mg/dL 12K {7
R LEDNEERETEZED SN LD - T
HDL-C 13 # 5-1i 54 + 14 mg/dL » 5 # 5-1% 57 +
16 mg/dL NG E Az xR L7z (P <0.000), TG
& #% 5-§if 141 = 88 mg/dL 2» & # 5-1& 117 = 67
mg/dL NG E i # R Le (P <0.05, Crid
557 0.8 = 0.2 mg/dL 2» 5% 5% 0.9 = 0.3 mg/
dL "N BB LR b ieh 5 7=, eGFR 13 67
+ 16 mL/min/1.73 m* > 5 # 5 % 65 + 15 mL/
min/1.73 m* NFE LK FZ R Lz (P <0.05,
—fkiIZ SGLT2 BHE #5112 X % eGFR O#JIIE
TORHGN TS, MMHIRFEEIZHR5H]5.2 £ 1.4
mg/dL 20 5 # 5% 4.8 + 1.1 mg/dL NF E KT
iRz (P <0.05), UACRIZDOWTIE, #5Hi
178 + 512 mg/g Cr 2 5 & 5-#% 62 + 120 mg/g Cr
NHEERE T aED (P <0.01),
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Table 3 Comparison of body weight/BMI, heart rate, blood pressure fluctuation, and blood test before and after

the administration of luseogliflozin

Baseline 24 weeks P-Value
Number 74 74
Age (years) 71 £ 10 72 £ 10 <0.001
Gender (male : female) 45 : 29 45 : 29
Body weight (kg) 64 =13 62 =13 <0.001
BMI (kg/m?) 25.2+ 3.5 24.6 +3.3 <0.001
Heart rate (bpm) 66 + 12 63 + 10 0.029
Sys BP (mmHg) 133 £ 18 126 = 11 <0.001
Diast BP (mmHg) 72 =12 68 7 <0.001
FBS (mg/dL) 158 = 80 117 £ 35 <0.001
HbAlc (%) 7.3£1.7 6.6 0.7 <0.001
LDL-C (mg/dL) 88 + 24 84 + 23 0.359
HDL-C (mg/dL) 54 + 14 57 =16 <0.001
TG (mg/dL) 141 = 88 117 = 67 0.018
AST (IU/L) 25+ 11 25+ 8 0.99
ALT (IU/L) 25+ 18 21 +12 0.151
Cr (mg/dL) 0.8£0.2 0.9=*0.3 0.076
eGFR (ml/min/1.73 m%) 67 = 16 65+ 15 0.021
UA (mg/dL) 5.2+ 1.4 48+1.1 0.012*
UACR (mg/gCr) 173 £512 62 + 120 0.006

Mean = standard error

BMI, body mass index; Sys BP, systolic blood pressure; Diast BP, diastolic blood pressure; DM, diabetes mellitus; FBS,

fasting blood sugar; HbAlc, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density

lipoprotein cholesterol; T2DM, type 2 diabetes mellitus; TG, triglyceride; AST, aspartate transaminase; ALT, alanine

transaminase; Cr: creatinine, eGFR: estimated glomerular filtration rate, UACR: urine albumin-to-creatinine ratio; UA, uric

acid; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio

P-Value, T2DM vs. Non-DM (Paired t-test), *n = 19
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Table 4 13Vt A7) 70 U 5IZ X 55
T— ¥ T RAOEERT

LVEF 138 5-5i 66 = 8% » 6 5% 67 = 8%
H¥hm#x U7 (Fig. 4a) (P =0.283), LVMI I3 #
57 100 + 25 g/m* 20 6 B 5% 84 + 23 g/m* IZH
B %R U7 (Fig. 4b) (P < 0.001), LAVI
I H 551 26 + 8 mL/m* 2 5 5-1% 24 + 8 mL/m?
NAE LK T RS (Fig. 4c) (P = 0.012),
NV A RNTZ—FrRCld, B5RikiCE\WTE/
ABEAERD D > 72h, DeT I35 %A E %
FfExR» 7z (P =0.034), TVmax (25 51 2.6
+ 0.2 m/sec B G5% 1.4+ 0.6 m/sec 7R L7,
TDLIZ oW, @ e 135551 4.9 £ 1.6 cm/
s B 5% 5.4 + 1.5 cm/s NEE RN Z R 7=
(P =0.027), fllEEe ICFENWTCTHHEEHI6.0 £ 2.1
cm/s S E% 6.5 = 1.9 cm/s IZA = % 22
7z (P =0.033), F ks E/e 1357153 = 5.4

NHRG%125 £ 37T NABELRAELED (P
< 0.001) (Fig. 5a), fllE% (Fig. 5b), “F¥ (Fig.
5c) IZEWTH E/e FFEMRICHER adiEE R LI

(EHIZP <0.001),

(3) FEFIHR

VA7) 7ayraih Uk 50 fRB%E (Ei
£« T2DM) fEBIIZDWT, Fig. 6 I 5 « &5
% 24 week O N 7 F —i AR,

FEARE & LT, 50 ke & 0 HhoDa b 52 e M iR 44 418
BAE I T CTdo - 7oo FKIEREE LT, BHIE
I - B0 A, RICH 48BN A TRz, EIERET
VB e <, BBIIBERT 2 &/ HCH - 72, BUR
JEE L CIE, 202X 4F 9 A2 HE L /-G 1 C
EIMEZIERE N7z, 202X 4 10 A W2 M 1
190/114 mmHg #Z 7R U7z, BEHEFIT ARB &)V~
™ AHEHER O 2 FINIRIC T 160/90 mmHg %
U7, flh o 75 g B AR C 2 REfH b fE
M 247 mg/dL Z#7R L, T2DM &ML Clt+ 7
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Table 4 Comparison of ultrasonic indices before and after the administration of luseogliflozin

Baseline 24-weeks P-Value
Number 74 74
M mode ¢ Pulse Doppler
LVEF (%) 66 = 8 67 £ 8 0.283
LVMI (g/m°) 100 + 25 84 + 23 <0.001
LAVI (mL/m®) 26+8 24+ 8 0.012
E/A ratio 0.8*=0.4 0.8+0.3 0.705
DcT (msec) 221 £61 206 = 49 0.034
TVmax (m/sec) 2.6x0.2 1.4%=0.6 0.300*
TDI
E/e' (septum) 15.3+54 125+ 3.7 <0.001
E/e' (side wall) 12.6 = 4.3 10.4 + 3.7 <0.001
E/e' (average) 13.4£4.0 11.0 £ 3.1 <0.001
e' (septum) (cm/sec) 4.9+1.6 54+15 0.027
e' (side wall) (cm/sec) 6.0 2.1 6.5*=1.9 0.033
e' (average) (cm/sec) 55+1.5 6.0+1.4 0.008

Mean = standard error

LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LAVI, left atrium volume index; DcT, E-wave
deceleration time; TDI, tissue Doppler imaging; E, maximum E wave velocity; e', pulse wave tissue Doppler imaging €'
velocity; E/e' (average), average of E/e' (septum) and E/e' (side wall)

P-Value, T2DM vs. Non-DM patients (Paired t-test), *n=4

a) LVEF b) LVMI c) LAVI
(%) (g/m?) P <0.001 (mL/m?) P=0.012
80 140 I[ 40
70 66+ 8 120 T 35
100 = 25
00 100 50 26+ 8
50 —— 25
80 —
40 — 20—
60 —
30— 15 ——
20 ——— 10 10 ————
10 ———— 20 ——— 5 ——r
0 0 0
Baseline 24-weeks Baseline 24-weeks Baseline 24-weeks
Each bar represents mean = standard error. The number of T2DM patients was 74.
LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; LAVI, left atrium volume index; Baseline, prior to the
administration of luseogliflozin; 24-weeks, 24 weeks after the administration of luseogliflozin
P-Value, baseline vs 24-weeks (paired t-test)

Fig. 4 Changes in each ultrasonic index after the administration of luseogliflozin

V7uyr25mg/ Hakh Uk, Z2EREIME I35 6B 5% 45 cm/sec IZ8hn U, E/e' & # 5%

50 140 mg/dL 205, #54% 95 mg/dL IZf& K & 7R 21.4 6 HE 5% 14.9 1K F 2R Uiz, MRV &

L7z * 7)) 70y 5% 120/70 mmHg 12 BT % 58
MR 72 —PFr AT, e 13 51 3.6 cm/sec 72 LVEF 13 62.8% 25 78.4% 12, LVMI iZ 55.9
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a) Septum E/e' b) Side wall E/e' c) Average E/e'
P <0.001 P <0.001 P <0.001
20 20 20
1 1
8 15.3£t5.4 8 18
16 16 76543 16
14 12.5+3.7 14 0= 14 13.4 4.0
12 12 10.4 £3.7 12 11.0 + 3.1
10 10 10
8 8 8
6 6 6
4 4 4
2 2 2
0 0 0
Baseline  24-weeks Baseline  24-weeks Baseline  24-weeks

Each bar represents mean = standard error. The number of T2DM patients was 74.

E, maximum E wave velocity (cm/sec); €', pulse wave tissue doppler imaging e' velocity (cm/sec); Average E/e', average value of septum

E/e'" and side wall E/e'; Baseline, prior to the administration of luseogliflozin; 24-weeks, 24 weeks after the administration of luseogliflozin
P-Value, baseline vs 24 weeks (paired t-test)

Fig. 5 Septum (a), side wall (b), and average (c) E/e' changes after the administration of luseogliflozin

a) Administration of 100 mg of losartan potassium b) Administration of losartan potassium 100 mg and
and 10 mg of cilnidipine cilnidipine 10 mg at 24 weeks after the administration
of 2.5-mg luseogliflozin

e': 3.6 cm/s, E/e": 21.4, blood pressure: 160/90 mmHg, LVEF: 62.8%, e 4.5 cm/s, E/e": 14.9, blood pressure: 120/70 mmHg, LVEF: 78.4%,
LVMI: 55.9 g/m”, FBS: 140 mg/dL, HbAlc: 6.7 %, NTproBNP: 202 LVMI: 47.7 g/m*, FBS: 95 mg/dL, HbAlc: 6.0%, NTproBNP: 162
pg/mL pg/mL

The recording used a 3.0-MHz probe.

¢e', pulse wave tissue doppler imaging €' velocity (cm/sec); E, maximum E wave velocity (cm/sec); LVEF, left ventricular ejection fraction;
LVMI, left ventricular mass index; FBS, fasting blood sugar; HbAlc, glycated hemoglobin; NTproBNP, N-terminal pro-brain natriuretic
peptide; T2DM, type 2 diabetes mellitus

Fig. 6 Tissue Doppler findings of a 58-year-old man with hypertension and T2DM
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Abstract

Purpose: Large-scale clinical trials have shown that sodium-glucose cotransporter-2 (SGLT2)
inhibitors prevent the development of cardiovascular disease in diabetic patients and improve their
prognosis. However, the mechanisms underlying these beneficial effects have not yet been fully
elucidated.

Methods: We performed echocardiography on 139 patients with type 2 diabetes mellitus (T2DM). The
left ventricular ejection fraction was measured as an indicator of left ventricular contraction function.
We also performed echocardiography to investigate the effect of luseogliflozin on cardiac function in
diabetic patients.

Results: In comparison to non-diabetic patients, an increase in left ventricular hypertrophy and a
decrease in the left ventricular diastolic function index were observed in T2DM patients. Events such
as a decrease in blood glucose level, weight loss, decreased blood pressure and pulse rate, left
ventricular remodeling regression, and improvement of left ventricular diastolic function index were
observed after 24 weeks of luseogliflozin administration. We propose that SGLTZ2 inhibitors exert
linked effects on hemodynamics that eventually brings about multifaceted effects on the heart,
kidneys, and blood vessels.

Conclusion: Administration of luseogliflozin showed improvement in the left ventricular diastolic
function index, suggesting that the drug may be effective in improving heart failure with preserved
ejection fraction. Based on these findings, SGLT2 inhibitors are recommended for diabetic patients
with heart failure or high risk of heart failure.

Key words: type 2 diabetes mellitus, left ventricular diastolic function, heart failure, cardiorenal
association, SGLT2 inhibitor






