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Abstract: Metabolic disorders such as obesity, type 2 diabetes mellitus (T2DM), and non-alcoholic fatty liver disease
(NAFLD) are becoming increasingly prevalent worldwide. Although various therapeutic strategies exist, limitations in effi-
cacy, tolerability, and long-term compliance remain major challenges. Consequently, natural bioactive compounds with
well-defined mechanisms of action and favorable safety profiles have garnered growing research interest. Soy isoflavones, a
group of naturally occurring plant-derived ingredients, have attracted considerable attention due to their promising effects in
ameliorating metabolic disorders. This review summarizes recent in vitro, animal, and clinical studies on the regulatory
effects of soy isoflavones and their major active components on obesity, T2DM, and NAFLD. Soy isoflavones ameliorate
insulin resistance and maintain glucose homeostasis by modulating the PI3K/Akt and FOXO1/GSK3/ signaling pathways.
Furthermore, soy isoflavones regulate lipid metabolism balance by suppressing lipid synthesis and promoting fatty acid oxi-
dation via the AMPK/SREBP-1C and PGC-1a pathways. Soy isoflavones also exhibit protective effects against the devel-
opment and progression of metabolic disorders through mechanisms including suppression of inflammatory responses, ame-
lioration of oxidative stress, and modulation of gut microbiota and its metabolic products. This review provides a compre-

hensive overview of the therapeutic potential and underlying mechanisms of soy isoflavones in managing glucose and lipid
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metabolic disorders, aiming to support further research and the development of soy isoflavones-based functional products.

Key words: soy isoflavones; metabolic diseases; obesity; diabetes; non-alcoholic fatty liver disease
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Fig.1 Chemical structures of the major active compounds
of soy isoflavones
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Table 1 Isoflavone content in soybeans and processed
soy products!'”!

KT BT 5 i (mg/100 g)
HRE 154.53
ERE 148.5

=) 13.1~34.78
g5 0.7~10.73
N 41.45
ELAs 82.29
i 1.18
ES1s) 17.92
N 3.82
it 9.39
PSR 0
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Table 2 Metabolic process of soy isoflavones in vivo™!
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Fig.2 Absorption and metabolism of soy isoflavones in vivo

2 KRERAEEERHEFELERTRIER
2.1 KEREMRAHIARSIER

RE RS — P i BE LA S TH AR IS | RS r AR
PEPIR, RO A « 2 OB R A AR
K PERR DT TS5 12 M P, IRk g 2R, ST 7E
YA BA B2 Ty, v I S 2RI IAE
JHHLH . ARSMIFTE SR, ST M H =Bk /r K& o0
FGLR A K BE B 3H] 3T3-L1 N5 15 40 r9 15 B FR
8, H AN S e 244 BTG 75 TMLL O YL (it — 2B 5 iE
ST AT ya /b2 Bt Py v AR O e, $ o L nT 3 il BiE e
TE W FR s 7E = R IK & (High-fat diet, HFD) i 519 /4
PERBUSAY, ST T A] BT | i/ NAEARITTIT
BRI A AAER, [RIH 20 A%, A6 BRI H il
= & ( Triglycerides, TG) F1 5 JIH [ [ ( Total choles-

terol, TC) /K1, ZEAR /N FRASL AL v, R E T
R =y 3-¥2FK T I0(3-hydroxydaidzein, OHD)
PL 0.1%(25 0.5 g/kg kL) 5| 545 A I Dk £ ) i
13 J&, AT B S R v B D i, W) B o403 1 vl
TG Fl1 TC 7K~F-; LH L% e 7, OHD 4bBHAH iR 17
AR EE /)N, eAh, OHD Wl e P (A ig i g1 2t
(White Adipose Tissue, WAT) DIREF VA7 518 B BE,
RIFNO AR SCACIHZEFLPY . —IH PN PR (Ovarie-
ctomy, OVX)ARAINF 5T 7~ , KEH UYLk AR
FXt BE2H 2R 90 L1 T B2 I RERR RSO, W SRR T
/INERAAREE LA B LYE TG 7K, T Gk AS 2 78 R I
i TC AR E LR G TTHEARP . AT,
FTF LI WEBASI (53711 44 20~74 22 JAE ) I
R, FEE STIEA S BARAEE XS 5 A0 5 (OR
0.91, 95% CI: 0.85~0.98), HAEM F 2RI A 221,
JnHR A 25 )5 Lok, PO PR RE U e 4 25 )5 Lotk
L S U BEAIRES IR SRR AR IO . B 3R AT %
I, 2 ST AENEREB 4= b AR TP L T S iy AR
Pt o AT EEE RIS, MRS RT R 2 R
T B, Ml AN AR AR A BR, BT 45 AR A A
NFEP iaE ARG 3E— 2P 00Tk, [RIY, S [H) 4%
BRI IR ST 09 I N AFAE 25 57, RN AR IFSE
MAEZHLL . ZHEFER S P I R ge ik, I —25 1
iff 4 2 R AS AN A= 15 T 2B 2 % LA P A 8175 2800
i b, WA R S P2 AFEF I 10 2 JZ EYR
X HF ST EHA PR HE I M AR SCARIRHE AR 1 77, H I
TENBEP RN AT AT BBz 251 | AR . fa 2R A
NFES B sen, 3 e S s I TR dt 7 E2s
J7Tl .
22 KEREMRERN 2 BfERRFPER

2 RUBE PRI S — PP LB RACHUFI R S B 4H A
TIREREAT A EFIE 12 AU AR . ISR
71N, SI A3t Z Fh AR MG A I by, AW Em
THME. e Scg T, ST T T n] i 3548 = e 5y
USRI A BT R BN, e AR IR
P IERE /N AR i, QUi R 22 T A O UH
IR IR 5 FE AR, Iy SRR S, I X R
RE Wi 4 UE BT AR B LR E L, RIEH A s 15,
AFEREAL TG, TC K Uit 25 Ig Wik (Free Fatty Acids,
FFA), I 715 /= %% B Bg 25 1 10 [& B (High-Density
Lipoprotein Cholesterol, HDL-C)PBY, Y& AFEOFSE H,



- 460 - £ Tl B4

2026 4F 7 A

—IRZNA 1529 24 AR MY Meta 538t REEVEAL
TSI AP T PR . 5583, #h7e ST i
EREARAS B OB G AR 0.22 mmol/L) | 25 i R i
Z (FEMIK 0.43 plU/mL) M B ZZHTHE %X (Insulin Re-
sistance Index, HOMA-IR T [# 0.52), #&-~nHA BT
He R AR I o R A RS . 2 ST R
B, BAAh Al FHYURIAR RACE I AasE, o H HHE
AT R 7 T I AE L ACY . — TR X AR A
(70~89 %) Bppa (X FERHF S & L, 2 ZRUBE PRp i 2 R
F L P U R S IR RE RIS, AN, BRI
B T REAE A M D I 00 AR B9 351K (38.8%
vs. 53.1%), IX—2ZZ S AE L P IJU R B 3 (31.4% vs.
52.8%) o HE—24MHTIA KB, AT FROBE RIS,
By e A MLAG S0 R AR 2R3, R
W h Py A= AR ) AT BE S BERRA G DIAH DG Ak, e
LKA S HATA R G TR IEAHSE, 2P I e
A= %22 R T8 B A RS B 7 FIRE B H8 A K ST e ] )
o ZBTERIRTT ST AL T IR ISP T R
A NBEARIED . A S iR B i 0 700 T B
S o i 25 BA A, (B ] AR A sl 2 [l pY 22 55
PTG E—2E thA . AORTR , S se A AR ST
A Z2IUEHE ) SRR ST 7E0is MUBEFas il . Bgnm e iy 2%
TRURAE M A ARBERR A Iy B A E . SR, H AT
NBARIS IREAR A FR, H 2829 Tl ok, SR
[RIARG AR 2 IEYRATS S AN, AR AAT 75 T KRR
1 2 R I IRIFST, DA R GEVPEA ST 7EA R KT
AR R R T . £E BURA, $EOR ST MR —FhR
SRIG PR SY, 76 2 BUOWH DRI M AH AR 0 10 8 5%
T BB R T .
2.3 KRS FEREHIEER R AT R aER
ARDRE R R D 2 I SR B U
FIT 5 | A A I, 5 BB R 5 AR T AH
W ZI ST A, ST AT Rk 3 AR RS
B VT AR S B o ARSI 28 S A R FRSE 56
1, OVX 5 HFD I #rAE & i H v —BE MUAE . =iE
[ s A AR AR B G ZR L, gLt 8 JEl4g HiE s
ST $2HUPI (150 mg/kg) VI i 3005 IR S0, BB
NEACIIRIR S FILH S U BTN, 3275 ST Al REAE SE i
K5 LM Sy I IR A G ER L S PR D A vh 4R
YEFHPY, Liu 480 SR H & I8 K &5 5 K Bl S AR
A ERE DT HFE RS, 535145 T 10 mg/kg 5 20 mg/kg
Y ST EH T, 52k 12 J&, Wi RS aei 2 A e Ns
AR . BRI 8 A2 HFHE 8, I 03 L 2R 4540 5
He, R B R O W, LTS A5 VN 20 ( Alanine
Aminotransferase, ALT) /KR 2 F %, #2785 ST A
B e Tige . EAG SISy T, ST 2 BRI
R ML TP i TG, TC Fl FRA 7K, JtHAE & 50 4
ZHH, 1Y FFA 7KL 15 H X BRLH, 1207 T 925645
5 Gan ZEPY BFSTSE R 5. Li 250 YERF ISR E
FTSEEPRETERR IV I BASR R B E—25 2 B, B 3 ek

AR5 S 2R (1) R O R P R i A e 1 T AT A R8s
HFAERE W AP | BRAR T 4H 2L P 85 2R /K S IR il 9858
EFFRik, M RSB I AR BIRT FRZH Ahilse 3] i
EES, PROR KOG S A 2R VE A ISR R LIRS
NENRE . ARV T, H AT A 1185
%4 50~69 % e Pk R T TR E IS oS, 7 HE I iy A
ARG R R PR S R P % i I TR = 35 (34.8%
vs 45.2%), IR I AR AR EFE S Hh s AL
P-4 E AL R WKV, DA R O v 1) v 4 R AR F K
S, ZHZ B BT 5HTFREH, ME Ty T S REAICEE
VP T B D T AT & A XU ( OR=0.66, 95% CI:
0.51~0.86), B fE R IR &AL ST N e A S5
TR P, FREFs B AR, B R 2
T HASZAT AP, HAAR RS B | M50 X e mt 38)s47%
A PR, AT BE— 2L ST LASGAIE ST 43535 1 A 551 e S
RiKEFR o &k TR, ST HA RAF TR 1EH, GE
W AT R W5 AR < i R DT AR AR B A i
ZL, 7RG T I B 6 h 5L T E N FH Y
{B. ST PAFACIZERIAASCIST AN 3 i,
3 KRESFEATRHEZILAF
3.1 KERHEEBETAHRISEENSNERHEEL
Jige i AP A ISR LR R R IE 2 —, 3R
Bk AN E LU BFIE . BRI ) X i 26 iy flsdd:
BEAIG, B AT O > | RS2 E I L g
A FHE . KBRS B TS5 R w5 2 AE,
JINE RS g AN FH, I 2T RER SN 2 OB RIS
FEAEWORE RS DT P e =, R A4 e S 2= AR T 2 g
WA A%, A PR I DTRUIn B 440, R S B i (i
GBI R ZO 1 —F A s &, Ok 25T
FHUFRHREAS S 1 5 FEARUReE . ST ERBH, 60 mg/kg
MG AR R AEPE R B M IR /N B 8 28 s e 5
AT, BRI, FFRGE IR 5 R A TR S5
PEARFE L. SN LB PR IRB/PIZK/Akt 15
S I, PSR I IR FRAE O R A A A I i
BEAh, Jerl AR HIAGEASE #E FOXO1 F1 GSK3p 19
TR Ak, E WA AR S A 2k, PR IEVEIR G Ak,
I IR 4 45 U 09 487 8BRS S P, 3OR “ IR IR {2
HEAE” X E] JE P HLH], T A AT T
M Z A E RS . BT BRI, 35T & 30,
20 umol/L A% 4Ll A 22 BE ML il I IE B A TR sl o i
% v R D E N O NSl =iV B ST NI K=t a1 168 A g
)55 (Beige Adipose Tissue, Beige Fat) 4l iy, #5:5
KAANEDTFREY (U UCP1 ., PGCla. CIDEA %5) i3
ik, X—id R R H B A e WAT 82509 8E 77, i2F
TSR AEE VM AL, (A2 RAE ) AN, /B
A E TR H LI YA, Hem HAwy HA LHEURE
St S-IET R i A B ARE NS ST T AR ok
LAY, EAERGEIE S FE AT R B 2L
o FE/DNRAAI A, S-HETL (20 mg/kg/d, ELE 7 d)
EEREINT B ANAIGEE (Ki6T7 BRI 27% ) Fik



5 474 55 134 AREIAL , 85 KOS e ALt e - 461 -
3 KGR HEE UG AL P RN SN 5T
Table 3  In vitro and in vivo studies on SI against metabolic disorders
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WEAN AL (RAW264.7) H w2 2 FEILT NO, IL-6. TNF-
a. COX-2 M iNOS WZRIiRKN, H—EHLHITE &
B, KOG T R E A MAPK 3@ 6 iY p38 Fil
ERK BN SRS S 300%, 10 ST &2 A $E B )
FEELE T A NF-«B il #0881 (IKKa/B. 1kBa.
p65) BRI Ak, BHIEFAXILA, DA% i A i SRR
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SO, RS TR B A S A E B T
i, BIE ST X sk i Ji g i il i — 2B 48 s 1T Hod i
PURAE B AL 100, 25 b, STam it
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YIne M AR i 55, M AES LT R T R0
SRR EEL G BRI RN
34 KEREWEESMEMNHEERHEREL
TEARIETHE G CAnR PRIps A E PRSP RR DT ) &
AR, SEA RIS AE SN, I 5 R e
ARETFNA R T e, BCA R R EE RS R 2, HE
S TE 14 %8 (Reactive Oxygen Species, ROS) i 5 fH
RSP S g ARTIRE, F0HIER S 2500, IR
RSV L bHARRRAS, M B S8R e &
HEBTRINR B i S 1100 . APk, ek itk
B, SI HoA W bt b/ EH, BRASE I8 1 b
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Table 4 Effect of SI on gut microbiota
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A 150 me-ke! SIHCE ALK BB B BE O g, R M IEARARAE | 3R mIL-10. J84%
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BHGRIARE C57BL/6/NR 600 mg-kg VHERRIT. DT FBTHED 5 2 10 45 [79]
o § o W T IR PR, T T SRR AR 7,
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RAAR  CSTBLGMR 3 mgke R 3 RN /D R A AR [68]
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Fig.3

Mechanisms of soy isoflavones in regulating metabolic disorders
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