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Effects of Empagliflozin on Epicardial Adipose Tissue Volume and Cardiac Function in Patients
with Type 2 Diabetes Mellitus*
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ABSTRACT OBJECTIVE: To evaluate and compare the effects between empagliflozin and sitagliptin on epicardial
adipose tissue volume and cardiac function in patients with type 2 diabetes mellitus (T2DM). METHODS: A total of
256 T2DM patients admitted into the hospital from Sept. 2021 to Aug. 2023 were enrolled to be divided into the
empagliflozin group (128 cases) and sitagliptin group ( 128 cases) wia random number table method. All patients were
given Metformin hydrochloride tablets orally; the empagliflozin group was treated with Empagliflozin tablets orally every
morning, 10 mg each time for once a day; the sitagliptin group received Sitagliptin phosphate tablets orally, 100 mg
each time for once a day. All the patients were continuously treated for 24 weeks. The epicardial adipose tissue
volume, myocardial triglyceride content, cardiac function indicators, metabolic indicators and incidences of adverse
drug reaction were compared between empagliflozin group and sitagliptin group. RESULTS: After treatment, the
epicardial adipose tissue volume (t=2.672, P=0.008) and myocardial triglyceride content (¢=2.283, P=0.023)
of the empagliflozin group were significantly lower than those of the sitagliptin group; the ratio of mitral blood flow
velocity at early diastolic period to mitral annular blood flow velocity at early diastolic period (¢=3.793, P<0.001) of
the empagliflozin group was significantly lower than that of the sitagliptin group, the left ventricular ejection fraction
(t=3.215, P=0.002), cardiac index (t=3.130, P=0.002) and the ratio of mitral blood flow velocity at early
diastolic period to peak blood flow velocity at systolic period (t=2.114, P=0.036) of the empagliflozin group were
significantly higher than those of the sitagliptin group; the fasting blood glucose (t=7.928, P<0.001) and insulin
resistance index (£=10.777, P<0.001) of the empagliflozin group were significantly lower than those of the sitagliptin
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group, the blood ketone body (z=17.330, P<0.001) and B-hydroxybutyric acid (¢=16.496, P<0.001) of the

empagliflozin group were significantly higher than those of the sitagliptin group, the differences were statistically

significant. After treatment, the difference in glycosylated hemoglobin levels between empagliflozin group and

sitagliptin group were not statistically significant (¢=0.718, P=0.473). And the difference in incidences of adverse

drug reactions between empagliflozin group and sitagliptin group were not statistically significant [ 3. 9% (5/128) uvs.
2.3% (3/128),X*=0.129, P=0.719]. CONCLUSIONS: Compared with sitagliptin, empagliflozin can significantly

improve epicardial adipose tissue volume and cardiac function in T2DM patients, increase blood ketone body, improve

insulin sensitivity and reduce the risk of cardiovascular disease complications.
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2 TR (type 2 diabetes mellitus, T2DM ) /& 5| &0 ML
PRI EB G N E IR 2 U0 KL K4 ( DPP-4)
SO0 3R -4 25 W P [ 52 AR -2 (SGLT2 ) ikl ] 388 6 %
FATFAIT T2DM,, SGLT2 1 il 751 388 3 490 ok ) 146 46 4 DR &y
PRI TR U MR I |t 7T LARRAIR T2DM AR 0 I 45 956
9o e 1 FEE B0 T RE T B R 00 I A R R R R
DPP-4 ) 77 i 2oF 5 15 o 02 2 K 38 7K1 ofe B ARG A, (A4S
SRR A 25 9 2 D IR I DB 2 1 A 2 4
BRI R 15 i P T ok R R A, S 3R R AR O LA L P g
Bk O WL AL h RERERS . B AT, 56T H#K SGLT2
HHIF) 5 DPP-4 0HIFIXF T2DM 3% 0 AP G W5 AL 3
Resem o B R, A 5T B B R TR I L SGLT2
T30 AR B0 5 DPP-4 S350 P4 4% 51177 %t T2DM 3 04k
HECHE W R BRI T RE AR )

1 #EREFE
1.1 HERRIE

YA 2021 4E 9 HZ 2023 4E 8 H FIKELIGIF Y T2DM &
256 B, S WIERE ARHE 2020 4F A [ S Lo R S 4 4
HIE MBS T2DM HEATI2 W7 . a9 ARRIE: (1) 54 ik
T2DM 2 Wit ; (2) il =18 %5 (3) Bk ML B 1 (HbA ¢)
4 6.0% ~10.0%; (4) R EFEE(BMI) =22 kg/m’, HEBRAR
(1) 1 BUME PRI 4k K MM DRAG ER A5 (2) B I RBAS & K
Y e JHREA R K B I AR 5 (3) MR A A kA AT
I SR 5 (4) A D WUEBE. |0 2898 0 s B I S0 5 (5)
et 2 S A (LVEF ) <30% 9 583 5 (6) W iR s 7L
15 (7) X RBAR SN PR HIT T I R AR 4t B fe
FHZ By AL vE A B (B FE 5, 20210816) , RE R IR WA E
HEFE,

FRYEBEALEL T R Ks BB o AR T Al (n=128) 578
WAINTH (n=128), BRI GHBF T, B 69 F, Lotk
59 5] - 24 AE I S (52.93 +£9.06) 25 - 350 R 96 0 AR R
(3.09+1.26) 4F; -3 BMI Jy(25.33+2.86) kg/m>, PHA% %1
B E T, B 72 6, bk 56 0 F 9 4E i k (53.02+
10. 11) % 57 08 PR 3 72 47 (3. 35+ 1. 08) 4F 5 -1 BMI fy
(24.67£2.31) kg/m?*, BAEH S 5 P8 51TT B 1KLL
Il A R BL AT L
1.2 FHik

ARG, HE AR E, 172 052 s D
FRARILNE . B s 3 O IR ER R — F OUA A (ML . 0.25 ¢)
1 0.5¢,1 H2 W, i BEIRITRT 1 A 45 1A 52 m

P EBE 2SN 50T 2025 AR5 25 55 2

MARFCE 25, BAs I B 1 H R O IR A% 51
(FUHE .10 mg) ,1 K 10 mg, 1 H 1 3K FUA% ST 4 /3 0 IR i
FRVEHE S TT F (JA% 100 mg) ,1 X 100 mg, 1 H 1 %, Wit
FRIESRYT 24
1.3 MZEIEHR

Lh g REAR B4 4 5 PG AR BT T 20 B0 3 O A 7 50 L = Bk
MRS COThREFE AR AR AR BOR RN kA, (1) O
JUERE B 500 L=k H I 8 b < A 455 00 SR B AR AR 00 UL = B
e, (2)0IREtErs A4S LVEF 75K R — Ik i v
L/ WA R B (E/A) (O IEFRE 0 ( CT) FndT sk — 2k
R 0L 375 0L/ 5 i 3 S IS B (E/e’) SR A 0 B
EIHahR, #5180 U BAR S5 (SRS) JBELEE 40
JIE -5 0B LU ABL(FL/M) FSESR 0 H/M B 450 LI 05 R A i
Febr. (3) ARG AL 625 IE LME  HDA ¢ JBE 5 Z P 5L
(HOMA-TR) . Ifi B{AFN B-¥2 TR,
1.4 SitERE

SRHI SPSS 22. 0 BAFHATHE L2408, T HECRRHINR B
MR AE B LMIIBRIR (%) Fon , R X K50 5 Fisher K K6
S UEAT LA R A IES A T B R L axs Fm R
AT HOAE  P<0. 05 NEFA G HH#E X,
2 #R
2.1 HMREERER OB E RS

YRYT T, AR B 4 5 PG A S T 20 R A 0 SRR i 1A
DL =BHm S E g, ZR MR ¥E X (P>
0.05), JRIT)E, BAB G 4l 55 VG 4% 51 VT 240 JB 35 1 .0 S B
JO AR o0 L= 9 R B A T A S BRI, A B i
HBF BV H W ERE, 2765 L (P<
0.05), % 1,

F1 BiINSEESEBEIITARERITIELIMNE

BBIRER O OCN=BHERmESE B (x1s)

9 DAMRRIT AR em’® DI=EEH A 2/%
} TRIT T Naig ) gl Neig )
BRI (n=128)  143.89+29.65  125.7722.37°  0.72:0.10  (.65:0.11%
FERFIITAl(n=128)  141.22428.05  133.93+26.33%  0.71:0.13  0.68:0.10%
! 0.740 2.672 0.690 2.283
p 0.460 0.008 0.491 0.023

Y SRR EAR, 2 P<0. 05,
2.2 BELEEEREE
TBIT R, B 5 415 VU AE 51T 41 B ) LVEF  E/e’ |
E/A F CT S5 0 sh B3 bR th g, 25 R BG4 5 L (P>
0.05) . WBIT)E, BTG B E 1Y CLLE/A BRI B 3E T

Evaluation and analysis of drug-use in hospitals of China 2025 Vol. 25 No.2 - 177 -



7, B/ e BHATT T B AR B S i 4 & () LVEF (E/A FI
CLI TR FN T4 BB FH i B/ BT 5 7T 20 0 25 A1 T %

VT2 B E 1 LVEF BRI HT g MK, ik 22 R a giite#
B X (P<0.05), %2,

F2 BURISAEREIITARERTEEER OIEEIRILE (xxs)

) LVEE/% e’ E/A Cl/[1/(min*m?) ]

B gl TR Naigil TR TR TR T biiE
BRI (n=128) 73.49+5. 63 73.50+4.28 10.97+3. 65 8.30+3.28% 1.02+0.38 1. 11x0.32% 3.36+0. 58 3.51£0.61%
PiRRFNIT4L (n=128) 74.28+4. 56 72.63£5.09% 10.26+3.70 10.01+3. 88 1.01x0. 34 1.02+0.36 3.25+0. 67 3.29+0. 51

! 0.328 3.215 1.546 3.793 0.22 2.114 1.404 3.130

P 0.743 0.002 0.124 <0.001 0.825 0.036 0.161 0.002

U SIBITRTIERE, 2 P<0.05,

2.3 ALAERTER R S ARIE B

VRITHT, RS IR S TaRE BT T AL 1) SRS PEi R 240
H/M HC(EAER I H/M AR S50 WUBR B R AR R B L, 22 5
BTG ER L (P>0.05) 516975, A S 41 5 VA% 57T 41
1 SRS VA B H/M IWERIER H/M A S50 IR
AR R LA, 2 RIS 243 L (P>0.05) , L3 3,
2.4 RigHEFRIEE:

TEITHT, JBRE B v 4 5 0 A B TT A R A AR A L

B ESYTLRTFE L (P>0.05), EIT)E, B & A
2SI HbA ¢ A1 HOMA-IR #1467 1 B % MR A%,
MER A B-F2 T RRERIT A W35 T+ & 16T 5, BAG 91 i A
RS IE B HOMA-TR %5 V4 4% 51 VT 20 b 35 WA, 1fiL B
R B-BHTREVKINTAR EA R, ERWASIT¥EX
(P<0.05), Y697 Jo, BA% 5 v 40 5 P A% 57T 41 BB & 1Y
HbA, ¢ K HE, 225 TSI X (1=0.718,P=0.473),
W3 4,

x3 BRINSASERINTARERTEIE OB EEIRELE (xxs)

) __ SRS/%> \ - U/ % ‘ \ Eﬁﬁ WM tuﬁ \ ﬁaﬂ%ﬂ H/M ttfg
R HT)E b igil T beigil izid TR TG

BTN (n=128) 0.83£0.38 0.79:0.26 11.63+3.98 10.85:3.71 2.660.37 2.590. 40 2.37+0.39 2.330.36

FERkFIITHL (n=128) 0.82:0.39 0.76£0.23 11.35£4.90 11.164.18 2.58+0.32 2.57£0.39 2.35£0.31 2.31:0.43

! 0.208 0.978 0.502 0.628 1.850 0.405 0.454 0.404

p 0. 836 0.329 0.616 0.531 0.065 0. 686 0.650 0.687

x4 BEiRNSASEEIITHEREBRTIIEREIERILE (x2s5)

@ LI (mnol/L) HbAe/% HOMAR MR (pmol/1) BFE TR (pmol/L)

) AT HTIE AT TG AT TG AT TR TRITAT A

BRIIA4(n=128)  10.39£1.68  5.80:0.72°  7.15£0.83  6.70:0.69°  5.31x1.85  2.92¢1.23%  81.82£30.39 233.60:92.37° 73.92¢33.72  169.63+63.37°

FEIIT A (n=128)  10.25¢1.47  6.57+0.83%  7.08£0.91  6.63:0.86>  5.29+1.73  5.06:1.88  86.09+32.62 83.55:38.01  72.28+29.74  68.05£28.95

! 0.710 7.928 0.647 0.718 10.777 1.084 17.330 0.413 16.496

P 0.479 <0.001 0.518 0.473 <0.001 0.280 <0.001 0. 680 <0.001

SRR, 4 P<0. 05,

2.5 ARRMEEERIEER

RSB AT 3 B R AR R, 2 il B R A AN R
RN, POMHNTTR 2 B85 R AT, | R R A W 5
RN, A SN2 5 VOA% ST 41 S 1A BN, & AR L
B[3.9% (5/128) wvs. 2.3% (3/128) ], 2R LG il ¥ 2 X
(X*=0.129,P=0.719) ,
3 itie

AR R T R AFAE TN R 50 U v ) 1 s 7 40
20 HMENE W 425 0 I R B R AR TR YA G
ok £ 2R HE AT AT G 00 DR S8 5 B s 0 A, (] Bt JUL 400 oK 4t
PRIUIE TR , B 24 B0 ARG 7 HE AR s 42 = . 0 LA s
AR AN NG 0 ) A i a1 R e 72 1 P e O N . A
¥, TR BORF KA O LB, [RIE, O A0 B E B 21 20
RO B L, B8 O B L2 4% Ak, 7™ 2 52 1) HC HL 3 3
g TR E LIIREZ B, ARG REZW BTG, B
FE&H W A R O AN 7 AR O L = B e % R 3 Y
FEFITT 20 5 2 BE AR, 38R SPUME F0TT LR, AR 1 i e
T2DM 80 NG W7 DUFR R0 B8 g, T 5 AR T o A2 )
FEA , AT UL 2 B 4% 3 o B IR A8 3 0 S IEE N 7 AR AR, ok R 2
U CIIRERE T, WFoT 4 R, AR 5 e | AP A% 51 i

- 178 - Evaluation and analysis of drug-use in hospitals of China 2025 Vol. 25 No. 2

R HN G4 SGLT2 413, 7T I3 25 4038 HR 0 A1 JBE I i I
L, 1T LA Bt T2DM g8 350 LG B 48 A 1 el st RO
MIATT T A 50 Lee 2 BB IT 45 2 W, SGLT2 41
HIFIATT T2DM B3 OIS O T RERGE #2EHE T DPP-4
R0 3, 0 T BB AR I 0 I 8 505 S R 3 P St A
T DPP-4 i), 5 AR IS R —FL,

ARG R LW VAT G, BRI AL B E B B/ e B A%
FITTLH BF AR, LVEF . E/A F1 CL &SP A8 37T 4 3 T,
RUIRAES) A 2 W35 3 T2DM B 0 IET) B, Verma
SRR SN A T2DM A5 I8 ) 5 R 4 AR 51 A
ITIG AN E/e 19 3 WG, R R AT 200 % R Al
R REFEAL, ARG SR, VIR FTT A B E B LVEF 3
IR E R Mulvihill 20 S92 B, DPP-4 41 il 77451
TN BB 0 JJE BH BE ; Jackson 25 WFSY & N, DPP-4 3% 7
5720 F A RS B IE A 5%, # R DPP-4 Ml 5 B 280 &
s T RERETS AR G, A 5T 2 B, 1 F DPP-4 411 i 571 2 38 Jin
R DR T T 0B i A e ) AU

WFFT SRR A, SGLT2 41 il 7 $2 =5 T2DM /&35 .0 A 2 R
(AT REALA LT - (1) SGLT2 1 i 751 il 6% 400 ) .0 JUE e 0 58 o 2
F AT, AR JULZIE B I P 455 B S K, DT 300 UL
ifg, (2)T2DM B O WLk O WLUE AL 5 = IfUERE 25 )

I BEBE 2SO 500 2025 4E5R 25 55 2 ]



FHOG, SGLT2 4t 70 AR A% 380 3k K #42 A 2500 ke % fie 38 & 0o WLET
AL UVEARIEAR T, (3) /0 J7 5808 B o i fe b, 5
IR B> IE BE 0% 400 A I A IR L A A OB R AR Ak s R A
SGLT2 71 FT LAY O RE FOIR S , AR | ZHER IR R
SWOKACE Y e TERR T 73k , W AR 0E 55 2R 55 0 e U 2R A LE
{8, LA E 355 V8 F S5 X 38 B R (4) SGLT2 il 3
ARS8 o R TR T 18 0 ) LR i Ak 0 U PR SR 30 o0
FHEA, FIHh, SGLT2 M ) KE 7T A4/ NEME bR /N BC TR
FETHTAR, s 1] BT £F 44k, 3 0 DB, SO LA B 9 T, K
TS EA, (5)SGLT2 3 ) B 58 4% 18 i3 4 55 35 1
HEGRFNFI R, v )N 75 6 W6 AR Co I T 7 5 SCRT L3 i 2 A% 5
JURAE A R AR LTS, o 580 RIS BT, (6) SGLT2 i 57 fiE
fg A S8 20 IV LR ML 308 3 9/ NP T2 kot o EE ) AR R TR AR,
KElE LI RE

ARG R BoR R IT IR, BAR S 4 8 % 7Y HOMA-IR
PR SNTT 20 W E WA, AR A | B2 T IR AP A% 51171 2H W 3%
Thim . B EARZ 5 AT LIS T2DM F8 3 1 I8 5 AR, 1 i
5 FACPUR O ML BT RS AT R P R 2 W e 5 4
Wl RS AR IDT R [R) A0 JUE A BE HE R TR, B0 T R 2O IR Y
“TRGREL”  AEM T SRR T BT B-FREE T RR T LA
CNEDIRERZE M E IR R, 7RSS AL T TR Y
LR A B-FR3E T RRAK - AT LR FE O E D RE AR IV

25 LRTiR 5 DPP-4 ff R VU AR 57T LA, SGLT2 il 71
S AT DA S 25 i T2DM S8 A0 I g D DU FR L T RE
B i AR B e 1 5 2R U | AR LB T RAE A
AU
B2 3k
[1] WONG N D, SATTAR N. Cardiovascular risk in diabetes mellitus:

epidemiology, assessment and prevention [ J]. Nat Rev Cardiol,
2023, 20(10) . 685-695.

[2] CHEN S, WANG Q, CHRISTODOULOU A, et al. Sodium glucose
inhibitor reduces infarct size

cotransporter-2 empagliflozin

independently of sodium glucose cotransporter-2[ J]. Circulation,
2023, 147(3) : 276-279.

[3] MANOLIS A A, MANOLIS T A, MELITA H, et al.
glucose cotransporter type 2 inhibitors and cardiac arrhythmias[J].
Trends Cardiovasc Med, 2023, 33(7) . 418-428.

[4] ZOU P, GUO M X, HU J B. Evogliptin for the treatment option for

Sodium-

type 2 diabetes: an update of the literature[ J].
Pharmacol, 2022, 15(6) ;. 747-757.

[5] RUANZ, ZOU HM, LEI Q, et al. Pharmacoeconomic evaluation
of dipeptidyl peptidase-4 inhibitors for the treatment of type 2

Expert Rev Clin

diabetes mellitus; a systematic literature review [ J . Expert Rev
Pharmacoecon Outcomes Res, 2022, 22(4) . 555-574.

(6] ERIE, %%, 2/, & OaIRNITEB MO R T E
FABHLRI BT ERELT]. [RIPF R 22 (2R ), 2023, 44
(4): 616-622.

(7] rhABERABEIRI 2o 25, RIE 2 WS IR B V6 48 79 (2020 4F
) [1]. bAoA RS, 2021, 13(4) : 315-409.

[8] LOPASCHUK G D, VERMA S. Mechanisms of cardiovascular
benefits of sodium glucose co-transporter 2 ( SGLT2) inhibitors: a
state-of-the-art review [ J ]. JACC Basic Transl Sci, 2020, 5(6):

P EBE 2SN 50T 2025 AR5 25 55 2

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[21]

632-644.

GABORIT B, ANCEL P, ABDULLAH A E, et al.
empagliflozin on ectopic fat stores and myocardial energetics in type
2 diabetes: the EMPACEF study[ J]. Cardiovasc Diabetol, 2021,
20(1): 57.

WANG X H, WU N J, SUN C C, et al. Effects of SGLT-2 inhibitors

on adipose tissue distribution in patients with type 2 diabetes

Effect of

mellitus: a systematic review and meta-analysis of randomized
controlled trials[ J]. Diabetol Metab Syndr, 2023, 15(1): 113.
LEE S J, LEE K H, OH H G, et al. Effect of sodium-glucose
cotransporter-2 inhibitors versus dipeptidyl peptidase 4 inhibitors on
cardiovascular function in patients with type 2 diabetes mellitus and
coronary artery disease[ J]. J Obes Metab Syndr, 2019, 28(4):
254-261.

VERMA S, MAZER C D, YAN A T, et al. Effect of empagliflozin
on left ventricular mass in patients with type 2 diabetes mellitus and
coronary artery disease: the EMPA-HEART CardioLink-6 randomized
clinical trial[ J]. Circulation, 2019, 140(21) : 1693-1702.
MULVIHILL E E, VARIN E M, USSHER ] R, et al. Inhibition of
dipeptidyl peptidase-4 impairs ventricular function and promotes
cardiac fibrosis in high fat-fed diabetic mice[ J]. Diabetes, 2016,
65(3) : 742-754.

JACKSON E K, MI Z, GILLESPIE D G, et al
Dipeptidyl Peptidase 4 Inhibition Worsens Hypertension and Renal

Long-Term

and Cardiac Abnormalities in Obese Spontaneously Hypertensive
Heart Failure Rats [ J]. J Am Heart Assoc, 2021, 10 (6):
€020088.

KIM K J, CHOI J, LEE J, et al. Dipeptidyl peptidase-4 inhibitor
compared with sulfonylurea in combination with metformin;
cardiovascular and renal outcomes in a propensity-matched cohort
study[ J]. Cardiovasc Diabetol, 2019, 18(1): 28.

PANDEY A K, BHATT D L, PANDEY A, et al. Mechanisms of
benefits of sodium-glucose cotransporter 2 inhibitors in heart failure
with preserved ejection fraction[ J]. Eur Heart J, 2023, 44(37) .
3640-3651.

ZHANG N, WANG Y, TSE G, et al. Effect of sodium-glucose
cotransporter-2 inhibitors on cardiac remodelling:

Eur J Prev Cardiol, 2022, 28(17) :

a systematic
review and meta-analysis[ J].
1961-1973.
MARKETOU M, KONTARAKI J, MARAGKOUDAKIS S, et al.
Effects of sodium-glucose cotransporter-2 inhibitors on cardiac
structural and electrical remodeling; From myocardial cytology to
cardiodiabetology[ J]. Curr Vasc Pharmacol, 2022, 20(2) . 178-
188.
REN C, SUN K, ZHANG Y, et al. Sodium-glucose cotransporter-2
inhibitor  empagliflozin ~ ameliorates  sunitinib-induced  cardiac
dysfunction via regulation of AMPK-mTOR signaling pathway-
mediated autophagy[ J]. Front Pharmacol, 2021, 12 664181.
DESPRES J P, LAMARCHE B, MAURI EGE P, et al
Hyperinsulinemia as an independent risk factor for ischemic heart
disease[ J]. N Engl J Med, 1996, 334(15) : 952-957.
HORTON J L, DAVIDSON M T, KURISHIMA C, et al. The
failing heart utilizes 3-hydroxybutyrate as a metabolic stress defense
[J]. JCI Insight, 2019, 4(4) . e124079.

Wk H191:2024-10-08 &1 H 9. 2024-11-28)

Evaluation and analysis of drug-use in hospitals of China 2025 Vol. 25 No.2 - 179 -



