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Abstract

Objective: To systematically review the efficacy of sodium-glucose transporter 2 inhibitors in the
treatment of non-alcoholic fatty liver disease. Methods: By searching Cohrane Library, PubMed, Em-
base, Web of Science, and other databases to build the database to May 2024 conforming studies. Stata
17 was applied for meta-analysis. Results: Include 14 randomized controlled trials comprising 896
patients. 1) SGLT-2 inhibitors reduce alanine aminotransferase (ALT) (MD = -3.64 [-6.68, -0.59], P =
0.019), aspartate transaminase (AST) (MD = -2.71 [-4.78, -0.63], P = 0.011), controlled attenuation
parameter (CAP) (MD =-10.6 [-18.16, -3.04], P = 0.006), magnetic resonance imaging-proton density
fat fraction (MRI-PDFF) (MD = -4.49 [-7.24, -1.74], P = 0.01) and liver stiffness measurement (LSM)
(MD = -0.39 [-0.71, -0.08], P = 0.014); 2) Subgroup analysis results: Based on the analysis results of
different subgroups in the experimental group, the results showed that empagliflozin could signifi-
cantly reduce MRI-PDFF and LSM, with statistical significance (P < 0.05); based on different subgroup
analysis results of the control group, there was no statistical significance in the reduction of ALT, AST,
CAP and LSM between SGLT-2 inhibitor and pioglitazone (P > 0.05). Conclusions: The results of this
study suggest that SGLT-2 inhibitors can reduce transaminase, liver fat content, improve liver fibrosis
and steatosis in patients with type 2 diabetes and non-alcoholic fatty liver disease. Similar results
were observed in patients with nonalcoholic fatty liver disease without diabetes. SGLT-2 inhibitor and
pioglitazone were similar in the treatment of non-alcoholic fatty liver disease.

Keywords

Sodium-Glucose Transporter 2 Inhibitors, Pioglitazone, Non-Alcoholic Fatty Liver Disease,
Type 2 Diabetes, Meta-Analysis

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

APk 14 i 17 74 95 (Non-Allcoholic Fatty Liver Disease, NAFLD) & —#f 5 i & L Mgt 4% AL A
SR P R I 2 1 0 (I o a2 S B At ] S5 80 U T s HEAR (903805) [1] [2]. NAFLD 1] e 2 K JE Ak
A9 HS M I 5 12k JFF 48 (Non-Alcoholic Steatohepatitis, NASH) . A AL £ 28 2 6 [3]. AFFE BT, K% 55%
[ 2 8% JR 93 (Type 2 Diabetes Mellitus, T2DM) &35 [F]If 4 NAFLD [4], 1fi T2DM /& NAFLD # &N
NASH., FFREAE A4 i g2 1) 5 2R R 2 2 —[5] [6]. T2DM &3 NAFLD H 3 0o i F2F 5 A2 XU 0 5
I H O M IET: NAFLD B30T 1 EZ R A [5] [7].
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N, H AT F B 2 ORI PRARES -h IR SE G 25 (YR 777 [8], WEAR FI B & S ks, i HaO %2
SR ASE R [9] - 97 2 1 R B0 2549 - i % b L 2% 02 B [ 2 #0i55)(Sodium-Glucose Transporter 2 Inhibitors,
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© WFFERAAM LM BCAEBENLT R 7T, @ RBERIRER; © FEARE <1519
2.3. ZIHIEHR

FELERFEbR: R ZBALT). RETRELAIG(AST) #£HI IR S E(CAP). 1% R T 43
#(MRI-PDFF). FFHEAEEE (LSM).
WEL Rfebr: IR (L/S) B E(BIM). #i1k L4 & [ (HbALc).

24, WRRME K IAEE

AT FT# % Cohrane Library. PubMed. Embase. Web of Science 2554 6 | 2 %5 2024 425 H 1 H
KA 5% SGLT-2 #il57 F T-i697 NAFLD BEHL IR UG - 42 217 - “ SGLT-2i”.“ NAFLD ”.“ nonalcoholic
fatty liver disease” . “dapagliflozin” . “licogliflozin” . “empagliflozin” . “ipragliflozin” . “tofogliflozin” .
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Figure 1. Literature screening flowchart
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Figure 2. Risk of bias results
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LYY 14 55 SCHR, SGLT-2 #iifilFIH 442 ], o HEZH 340 (7% 1), IGO0 BAEF1E[19]-[23].
KRG [24]-[26] G235 [27] [28]« FEREF174[29] [30]41 Licogliflozin [31], Elhini Z5[20]3R5% 1T Tt
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Table 1. Basic characteristics of the included studies

1 MEREARHE

— e FEA & T Tt e
% 1’5? ﬁjz ISRk
RFEFEN (A) T c T C
Attaran, F. 2023 24 36 37 BT L A% 271 CAP. LSM. FIB-4 %
Ito, D. 2017 24 32 34 BHR 51 Ik 51 A LIS, ALT. \AET‘ #E.
IR
N . . L/S. ALT. AST.
Kinoshita, T. 2020 28 33 32 IEAK ) i EYIIES HbALC %
. MRI-PDFF. LSM. ALT.
1 Ml 1] Pl
Yoneda, M. 2021 24 21 19 FeA% 51 i H % 21 R AST. BIM %
. MRI-PDFF. ALT. AST.
=58 114 FE PRI bR d VY -
Kuchay, S. 2018 20 22 20 B 515 BRI FR VR IT HbAlc. BIM 2
. , CAP. LSM. ALT.
Rk FIN 22
Taheri, H. 2020 24 43 47 RS T LR AST. BIM %
Chehrehgosh H. 2021 24 35 34 BT MEE A% 51 CAP. LSM, AST.
ALT %
A% T + DXA. CAP. ALT.
Han, E. 2020 24 29 15 ] u G "
an . H A% 571 B AST
Bando, Y. 2017 12 37 20 BHE S5 22 7 ALT. LS (CZ)‘ VFA.
SFA %%
Elhini, Sahar H. 2022 24 80 80 BT S el MRI-PDFF A';; » AST:
BIM %%
. . FIB-4. ALT. AST.
| I
Takeshita, Y. 2022 48 20 20 FeA 51 i %21 2 IR BIM. CAP. LSM 4
Shimizu, M. 2018 24 33 24 O IIRES WERRAREVR T CAP. LS'\:‘STB;L\A‘ ALT.
s
Eriksson, J. W. 2018 12 19 19 BN 1 R MRI-PDFF. A 4%
. o s ALT. AST. MRI-PDFF.
|
Harrison, S. A. 2022 12 36 19 Licogliflozin Z R HbALc 2

ks T W, C. WM. F2HI%EIRS L (CAP) AL I I AT &5k i (5 (FibroScan) Jo G PEAG FFAE#%E . AR
FEME(LSM), $5 (214 H] FibroScan®f i 25k s AR O0S A FEREAT T B AL . L/S Sl TS LI =36 (CT) &
LIRS L . 57 %5 FE G 7 20 B (MR1-PDFF) 2 A FH R 5808 e A TF AR g i 22

3.4. Meta DHTER

341 ALTHR
115 RCT W5 [19]-[25] [27]-[29] [32] L4 N 762 151 35 , 2H B 47 7F 2 2 = o1 14 (12 = 63.3%, P = 0.002),
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RN AT I — S B SCHR 5 & B, Elhini 25 [20] 3R58 2 F R VMERCOR 1 = ZE IR, 2B vl g HR a8 4
T TR e A R RS 5134 T (25 mgld), K AR 6 5B fE 45 SR R SGLT-2 il 7 AT P& ik ALT (MD
=-3.64[-6.68, —0.59], P = 0.019), ZRAHSGit25E L.

FET IR AN R AT A 53 #r (18] 3), X RRAH 9 HARZ WS, SGLT-2 #NHil 57 mT 225 F#AIK ALT (MD =
—7.76 [-12.11, -3.4], P = 0.000), ZRAGit2=E L XA i IEET, 302 5% 2 2 R e gt
225 (P =0.89).

Effect %
Subgroup and Study ID (95% Cl) Weight
HRARYAETIE
1t,0.2017 —— 250 (-1279,7.79) 875
Attaran,F.2023 e 0.90 (-5.20, 7.00) 24.90
Yoneda, M.2020 —_——— 750 (-10.23,25.23) 295
Chehrehgosha, H.2021 e 050 (-8.48,7.48) 1455
Subgroup, IV (I° = 0.0%, p = 0.803) 0.30 (-3.96, 4.56) 51.15
HBENLL i
Kinoshita,T.2020 —— -11.80 (-22.20,-140) 856
Kuchay, M. S.2018 —_— -10.90(-30.76,8.96) 235
Taheri, H.2020 —=i -5.20 (-13.85,345) 1237
Han, E.2020 — -3.10(-10.73,4.53)  15.90
Shimizu, M. et al.2018 — -12.63 (-24.50,-0.76)  6.57
Bando, Y.2017 —_— -18.00 (-35.33,0.67)  3.09
Subgroup, IV (I = 0.0%, p = 0.489) < 776 (-12.11,-3.40)  48.85
Heterogeneity between groups: p = 0.010
Overall, IV (I = 25.9%, p = 0.205) Lo -3.64 (-6.68,-0.59)  100.00
T T
-50 [} 50

Figure 3. ALT results were analyzed based on different subgroups in the control group

3 ALT £ T REFRER I AN LR
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10 It RCT #fF 9T [19]-[25] [27]-[2913:48 N\ 707 1 35,  2H1A) 5 Jofd 4 42 25 (12 = 80.3%, P < 0.000). ek
PEY T 38— 5 SOk & I, Yoneda 25£[29]A1 Elhini 25 [20] iR 56 2 5 5 MBI B R R, 204 i) Ag
ST E R B S F 5 I 2 T it D9 AR ) B A% 119 T 35025 mg/d), KX p T3 2 B
Ji &5 B W] SGLT-2 #5717 LLF#{ AST (MD = —2.71 [-4.78, —0.63], P = 0.011), ZRFH 4iit 2 Lo

FET R R AR BEAT WAL A3 e (1€ 4), X REZH A HARZ Py, SGLT-2 0|71 & 3% FEAK AST (MD =
—3.04 [-5.75, -0.34], P = 0.027), ZRAGii#m X XA Mg SBT3 50 2 2 7 o gt
(P =0.177),

Effect %
Subgroup and Study ID (95% Cl) Weight
HWRARUBETIE
Attaran,F.2023 — -280(7.50,1.90)  19.48
1t0,D.2017 —_—— -1.00 (-8.50, 6.50) 764
Chehrehgosha, H.2021 —»—— -2.10 (-7.64, 3.44) 14.01
Subgroup, IV (I° = 0.0%, p = 0.922) <Y'>> 223(-546,1.01)  41.14
NRERE
Kinoshita,T.2020 — -9.00 (-15.40,-2.60)  10.51
Kuchay,M.5.2018 _ 7.70(-2129,689)  2.33
Taheri, H.2020 —— 220(-6.00,160)  29.74
Han, E.2020 —_— 3.40 (-3.23, 10.03) 9.79
Shimizu, M. .2018 —_— 5.20(-13.43,285)  6.49
Subgroup, IV (I = 49.3%, p = 0.096) <> 3.04(5.75,-034)  58.86
Heterogeneity between groups: p = 0.705 :
Overall, IV (I = 14.6%, p = 0.316) <> 2.71(4.78,-0.63)  100.00
T

T
20 0 20

Figure 4. AST results were analyzed based on different subgroups in the control group
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343.CAP &R

6 THFE KL AR EG [21]-[23] [25] [27] [3013L48 N 373 il H s, ZHIE) ok W R PE(12 = 17.7%, P = 0.299),
SGLT-2 7 7] 2.2 F&Mik CAP (MD = —10.6 [-18.16, —3.04], P = 0.006), ZRH Fiit2E L.
T 0 B2 [ AT E4H 23 #r (] 5), % BRE N FAh 2541, SGLT-2 #lfil 77 v] F£4EX CAP (MD =-10.81
[-20.96, —0.67], P = 0.037), ZERA G55 XA A FIEHE, e A= R LR 5=

(P =0.266).

Subgroup and Study ID

TERERWETE
Attaran, F.2023

Chehrehgosha,H.2021

Subgroup, IV (I2 =68.2%, p = 0.076) <>-

TIERE R EA
Taheri, H.2020
Han, E.2020
Takeshita, Y.2022
Shimizu, M,2018

Subgroup, IV (I* = 0.0%, p = 0.403) <>
:
:

Heterogeneity between groups: p = 0.950

Overall, IV (1> = 17.7%, p = 0.299) <>

'
—_—————
'

—

Effect

(95% Cl)

-22.55 (-40.19, -4.91)
-1.72 (-16.52, 13.08)
-10.33 (-21.67, 1.01)

-5.40 (-17.88, 7.08)

-19.70 (-48.68, 9.28)
-9.10 (-45.57, 27.37)
-29.60 (-56.77, -2.43)
-10.81 (-20.96, -0.67)

-10.60 (-18.16, -3.04)

%
Weight

18.37
26.09
44.46

36.70
6.80
4.30
7.74

55.54

100.00

Figure 5. CAP results were analyzed based on different subgroups in the control group
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T
-50 0

T
50

5151 RCT #75[19] [20] [25] [29] [31]3L4H N 330 fi iz, 4 1A 5% Jod 14 2 % (1% = 84.6%, P < 0.000),
TR 3 BT 38— 53 B SCHR 5 B, Elhini S5 [20] 1R800 2 S i PERCR I = ZE G, 40 AT e A2 A 4+
T i R TR B S B35 BT EL(25 mg/d), G I8 5 5 45 R R SGLT-2 #ifil1 T F1E. MRI-PDFF
(MD = —3.64 [-6.68, —0.59], P = 0.019), Z R 4t X (X 6).
FET R HA RIAT A 0 (] 7), 25 R B 5115 0] 2 2 [ MRI-PDFF (MD = —5.94 [-8.47,
-3.42], P < 0.000), ZRAGIIFE L HAKEZ 0] (K MRI-PDFF (MD = —2.65 [-4.36, —0.94], P =

0.002), ZRHSGI2ERE L.

Study ID

Yoneda, M.2020
Kuchay,M. S.2018
Eriksson,J.W.2018

Harrison,S.A.2022

Overall, IV (I = 3.7%, p = 0.374)

<>

Effect

(95% CI)

-3.42 (-7.46, 0.62)
-4.00 (-8.06, 0.06)
-1.64 (-3.34, 0.06)
-4.25(-7.11,-1.39)

-2.61(-3.91,-1.31)

%

Weight

10.40
10.32
58.50
20.78

100.00

-10 0

T
10

Figure 6. Effect of SGLT2-inhibitor on MRI-PDFF compared with control group
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345 LSM &R

Subgroup and Study 1D

HIRENRL
Yoneda, M.2020 P —
Eriksson,J W.2018 P ——
Harrison,S.A.2022 —d—
Subgroup, DL (I° = 23.5%, p = 0.271) >
HRENBEIS :
Kuchay,M. 2018 _
Elhini, Sahar H. H.2022 —_——
Subgroup, DL (I° = 29.7%, p = 0.233) <>

:
Heterogeneity between groups: p = 0.034 3
Overall, DL (I = 70.6%, p = 0.009) <>

Effect
(95% Cl)

-3.42 (-7.46, 0.62)
-1.64 (-3.34, 0.06)
425 (-7.11,-139)
-2.65 (-4.36, -0.94)

-4.00 (-8.06, 0.06)
-6.80 (-8.97, -4.63)
-5.94 (:8.47, -3.42)

-4.01 (627, -1.76)

Weight

1531
2567
20.28
6125

1525
2351
3875

100.00

T
-10

NOTE: Weights and betw test are from

flects model

T
10

Figure 7. MRI-PDFF results were analyzed based on different subgroups of the

experimental group

[# 7. MRI-PDFF EFiX IS ARRIRI T Ay #reE R

6 1l RCT W5t [21]-[23] [25] [29] [30]3L44 AN 370 5 2 5%,  2H[A) A WL 25 5= (1% = 8.8%, P = 0.360),
SEIR W] SGLT-2 77 AT LA LSM (MD = —0.39 [-0.71, —0.08], P = 0.014), Z=3H 4t 2% Lo
HRZH A HoAth B, SGLT-2 i) 77 v] 2 3% 4 LSM (MD =-0.57

FT XA

ANFEAT L 7 BT (1] 8), %

[-1.03,-0.11],P=0.014), ZESFAE Gl 2#m X XTI VM I, 33620 5 Xt

(P = 0.296).

MxERIG

!

VAN

e

FEF ARG A R HEAT WL 43 B (1] 9), 45 S 3 W UK 4134 v] 5 2 F# /K LSM (MD =—0.5[-0.86,—0.13],
P=0.007), ZREBAGHHE N SRA AR, HEAFER (0% = 47.2%, P =0.15), FHZERA

HA G L

3.4.6.LISER

(P =0.829).

Subgroup and Study ID

YRR UAESER

Attaran,F.2023 —r
Yoneda,M.2020 e
Chehrehgosha,H.2021 —0—;—-
Subgroup, IV (I2 =28.7%, p = 0.246) <::>

TFERANEAL !
Taheri, H.2020 +
Takeshita, Y.2022

R - —

Shimizu, M,2018
Subgroup, IV (I2 =0.0%, p = 0.460)

Heterogeneity between groups: p = 0.289
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Figure 8. LSM results were analyzed based on different subgroups of the control group
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