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Effect of semaglutide combined with metformin-empagliflozin on blood
uric acid, oxidative stress and glucolipid metabolism in perimenopausal
diabetes mellitus with metabolic syndrome patients

MA Jie' ,FU Jing-zhi2 ,GUO Ning—ning] ,LIU Zhong-chao’
(1. Department of Endocrinology 11 ,Cangzhou Central Hospital ;2. College of Physical Education ,Cangzhou Normal Uni-
versity ; 3. Department of Medical Engineering -Cangzhou Central Hospital ,Cangzhou 061001, Hebei s China )

[ Abstract] Objective: To investigate the effects of semaglutide combined with empagliflozin on blood uric acid, oxidative
stress,and glucolipid metabolism in patients with perimenopausal diabetes mellitus with metabolic syndrome. Methods: A total
of 196 patients with perimenopausal diabetes mellitus with metabolic syndrome were selected as the study subjects and divided
into groups according to the treatment measures adopted,among which the control group (n=98) was treated with metformin
empagliflozin,and the observation group (n=98) was treated with semaglutide on the basis of the control group,with a treat-
ment course of 6 months for both groups. Efficacy,blood glucose [ fasting blood glucose (FPG) ,2-hour postprandial blood glu-
cose (2hPG) ,and glycated hemoglobin (HbAlc) levels],blood lipids [ total cholesterol (TC) ,low-density lipoprotein cholester-
ol (LDL-C) ,and high-density lipoprotein cholesterol (HDL-C) levels], blood uric acid,islet function [insulin resistance index
(Homa-IR) ], oxidative stress [lipid hydroperoxide (LHP) and superoxide dismutase (SOD) levels] and inflammation [inter-
leukin-6 (IL-6) and tumor necrosis factor alpha (TNF - «) ] were recorded and compared between the two groups. Results: The
effective rate of treatment in the observation group was higher than that in the control group (P <C0.05). After treatment, the
levels of FPG,2hPG, HbAlc, TC, LDL-C, serum uric acid, HOMA-IR, LHP,I1.-6, and TNF-a in the observation group were
lower than those in the control group,while the levels of (HDL-C and SOD were higher than those in the control group (P <<
0. 05). Conclusion: The efficacy of semaglutide combined with metformin and empagliflozin in the treatment of perimenopausal
diabetes mellitus with metabolic syndrome is better, which is able to reduce the patient’s blood uric acid level,optimize glucose
and lipid metabolism,and improve the inflammation and stress state of the body.which is worthy of being promoted for use in

the clinic.

EL£WA . WAt e E S &R S0 H (213106001
EEB/ N : D 1988—) ., . i+t , EIFEI, E-mail: maggieS88miao@163. com



it A v SRR RIS IR 510 Xt ] 40 22 RO AR 2 5 I R ML PR TR SR A R B R R A R i 1281

[Key words)] Semaglutide; Empagliflozin; Perimenopause; Diabetes mellitus; Metabolic syndrome

PR £ 5 AR — 41 AL 36 — ZR B A 52 o Bk
AR 2 A 355 MR A I B | e LB B S IR K P A
L2327 2 iE 72 0 I R R e AR RO DR X
- R4 20 ) L R M O R A I R R B R
AL L L S i bl S AR A L, A RS 3k
WY Bl 20 28 300 2 e AR A 238 5 TR KRR B s T 5 2
R 5 AR RIS, A ] A5 389 7 B 5 ) ] 46 22 30
TP A R B A 1 A . RS 91 1 — o 0T A R BT
RE- AR s E e 2 Ml 2y, BA SRR S R
MR 4 A B T 0 o /A X RN
2E 7 26 W A A BE R AR R K L 38 1) T ke I
By RARHU >, IR 4 20 o AR 45 5 iR
Ji & B ARUR A ™ B — 2 B M S 3 B Y e
BERCR . W W1, m) S B KT 7R T B B
206D e AR I S 3 R T R I A AL X A
BEAYIRERA — W B . H AR ARA LT
] A G NI A R 1 IR 7 TRl 46 2 0 P P A
ZEEAERI I SRHTIT . ABFIT B AR R T ) A% & KK
TSRS 37 e X R 4 2 DR P A O 28 5 I JE 5 1ML JR
PR  SECP IO R B A AR

1 #AREFE

.1 —maER

VEUL 2022 4E 1 A & 2024 4E 1 A Mith .o BE
B 3R 1 196 1] 1 45 26 1 DR A AR I 25 A AR R K
WEFEXT G, i BB TT J5 AN [R) 43 g % BRZH ROV 40
BEH A 98 1], XFHRZ rp, J ST AR IS (49, 24 £3. 01)
BN (18.45+3. 7). WA, B HE TR
(49.33£3.16) % ;5 (18. 76 £3. 45) I~ H . A HWf
ARG B S e, B3 e H 58 Y 1 )
B, WA E BRI, 25 BGEITF R P
=0.05), ARFFEH., WA (D BEHHFE
2 W X MNH S EFL ISk =7 ) 2%
25 12 A H 5 (2) [l 4 205 PR AR 8 28 & 1E 12 Wi
FEA L 2 BB DR 5 B 35 46 HE (2020 4F D )Y K
(P E g2 TS 4 2 MBI IR M 2023 BON AR
s (3 BE AT ER AT R PR FLIG K %
R () FBE T 2 JA P A IR FH 2o A A ol o A 45 25
Yo HEBRBRAE : (1) SRR Bl 280 B T 1 0F 9 58
s (O XF AR 259 i 80 s (DO g =
WH L BUA I IR A (O PR
A5 (5) FEA ™ F UG VB A R R R SR IR N AR
Hs (63T 3 4~ A P AR FH ok 5 o i g i R R 1 )
25 At VT 2R 25 AR A BR 28 25 L R R A
fih 5

1.2 Ak

Xof B BB T DL HOBU R A% 2 4 CRR A - 500
mg: 5 mg) HRIAIT.2 /d. 1 ki/Ik, WME A &
HAEXS B Ll b7 DL AR ) SE AR B IR CRLAK < 1. 34
mg/mL.3 mL) B RS 1 /A i 4 8 5
0.25 mg/¥ 55 5 JIF LR Rl 4R & 22 0.5 mg/IK,
PIZH R E Y697 6 D H . hyT e, B B2
LU/ JE B R BE D5 A 1 U/ A T2 BT . I i
WK RGP AS BN o X T MBS 4  AS A 19 SR
GEZP KN FPG=7. 8 mmol/L 5 2hPG=10. 0
mmol/L) , 75X BEZH v 38 fin — B SUNK B A 91 o 55
F 2R/ 2 /s X T EEA A I AL T R 5 ]
FMEE IR 2 1.0 mg/IR, TR &5 5Kk
B W2 BRI R 5 2R3 . BE IV 1 /2 B
a5 AR JS pE .1 /3 S H & HbAlc,
1.3 MR

(DIRIFIT R WA h =5 W ML BE (fasting plasma
glucose, FPG) <7. 0 mmol/L, & J5 2 h Ifil B (2-
hour postprandial glucose, 2hPG)<C9. 0 mmol/L,
Z IR P8 I 22 0K A5 i DRRE IR X B I AR 5 A ROk
7.0 mmol/L<<FPG<(8.0 mmol/L,9.0 mmol/L<
2hPG<C10. 0 mmol/L, % I R KE R 345 JiF 50 3 5 2
HORAR LR R AR ES . BA R = (B AR
B/ B X100 % . (2) L WEFE b K ik i Z T RE
BITHIMIRYT 6 D HE A S BIRET LEH
100 g 8 KL% )5 2 h ik, 43 54 MOAh JE ik o 3 mLL,
FE T R L, O BV W, R R D w8
Au5800 H4x { B AL 7 A (XA I FPG . 2hPG K=
JE IR 5 2R K 5 4 F B4R i £ 2 2 A C R 2R
BT AR A B . MQ-2000PT) A6l 1k 1fin 21
& H (glycosylated hemoglobin, HbAlc) /K-, 313t
B ZIEPUFE B (homeostasis model assessment
of insulin resistance, Homa-IR), Homa-IR = =¥
B 8 3R (mU/L) X 25 ] il B (mmol/1)/22. 5.
(3) LA K i PR R - 1697 1 S 3697 6 A H Ja il 11 22 [
DUBE = Au5800 B4 [ Bl A= Ak 43 A A3 A 0 i JIE ] st
(total cholesterol, TC) i % B Jif 2 1 JH [& I Chigh-
density lipoprotein cholesterol, HDL-C) ik % ¥ fig
7 1 JH [E B% (low-density lipoprotein cholesterol,
LDL-C) K ML RER Ko (4) AL N A B < V6 97 1T
KAGI7 6 A A G EC 5 mL & ko, & ik 50 e 2
VE WL R FH TR f 95 W R 2 ) i R R A AL )
AL (superoxide dismutase, SOD) M fig i i A L =
(lipid hydroperoxides, LHP) /K3, (5) R 4 45 b5 :
BT HT LR TT 6 A H Ja SR 1T I S 5 W B 3l 5



F40H F 1o

1282 2025 4F 10 A

JIdEEZBRZR (http://noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 40, No. 10
Oct. 2025

(ELISA) # 11 40 ii /- R 6 (interleukin-6,11L-6) &
i SR A6 I F a(tumor necrosis factor as TNF-a) 7K
& B B A W R R R B
M4 B B AT
L4 HIFFESH

K SPSS21. 0 B A X Ko 2 47 4k #5573 A
TR G IER SR B 250, (x££ %
7 AL T) LA T AR ST AR AR ¢ R, 2 PN R B AT T X R
At RIS THECRE R DL [ (Y0) 138 7R » 4 18] Eb 5847
SEREAR X RS, P<0.05 NERHFITHE XL,

2 H#HR

Fe#, 2R LG22 L (P>0.05), 16J7 6 ™A
J& W4 R #F FPG. 2hPG J HbAlc ¥R (P <
0.05), H WAL T X B4 (P<<0. 05), W3k 2,
2.3 THBEMEIERIEE

BT HT. P4l ¥ 19 TCL.HDL-C K LDL-C Kk
A ZER TG IR X (P>0.05), 1RI7 6 4
AJG. P4l 8 #H TC K LDL-C K ¥ K (P <
0. 05) » HLW AL F %) B 4l (P <<0. 05) ; HDL-C 7K
TR (P <<0. 05), HOWEL A & T X4 (P <
0.05)., UW.% 3.

x1 RABFRTITHER(X)]

. N 415 B3 A TR WA
2.1 MABEFRITITALLE
) ) N X B2 (n =98) 37(37.76)  51(52.04)  10(10.20)  88(89.80)
MR B FIRIT BASCRE TA A, 2548
ot WIH (n=98) 75(76.53)  21(21.43)  2(2.04)  96(97.96)
Gt L (P<<0.05), W#E 1, i
X’ 5.681
2.2 FEHEMMEERLS i 1
0.017
VRYTFHT . I 4 H F FPG.2hPG & HbAlc KF
R2 FWHABEMBERRLEE (2 +5)
FPG(mmol/L) 2hPG(mmol/L) HbAlc( %)
il
I WIT 6 A R I WIT 6 A R T WIF 6 AR
Xif B 4L (n =98) 12.234+1.54 7.09+0. 98P 17. 4442, 21 9.14+1. 149 8.7441.16 6.95-+0.86%
WL (0 =98) 12.18+1. 60 6.19+1.06% 17.6242.14 8. 0341, 387 8.63+1.12 5.87+0. 737
Al 0.223 6.172 0.579 6.139 0. 675 9.478
P 0. 824 <0. 001 0.563 <0. 001 0.500 <0. 001
DOP<0.05, 5 R 4L 77 AT re 4k,
x3 WMABREZEMASEREE (2 +5, mmol/L)
TC HDL-C LDL-C
éﬂ%u EyS — EYS — EYS —
IRITRT wIr 6 AR JRITRT wIT 6 AR JRITRT HIT 6 AR
X BE2H (0 =98) 5.724+1.16 4.61+0.96% 0.8540. 20 1.2740. 289 4.114+1.13 3.50+1.16%
WELLH (0 =98) 5.58=+1. 20 40941, 05% 0.8640.19 1.49-+0. 377 4.08+1. 26 2.9440. 627
t {4 0. 830 3.618 0. 359 1. 694 0.175 4.215
P 1 0. 407 <<0.001 0.720 <20.001 0. 861 <20. 001

DP<C0.05,5 R 4L 77l o4k,

2.4 FABEMRBKEREDINELR

IRIT AT, Y AL I R B2 7K - & Homa IR L
BLES TG X (P>0.05), BT 6 MHIE.
P 2H g 3 i R 12 7K SF & Homa-IR # [ (P <
0.05), H WAL T B4l (P<<0. 05), WL 4,
2.5 FHABESUNHBRREERILE

BIT AT, I 4H ¥ SOD,LHP,IL-6 } TNF-a
KETLGHFZEF(P>0.05, RIT 6 MHE.H
B FH SOD KB T (P<<0.05) , H WM& 4L & T
XF B4 (P<<0. 05) s LHP IL-6 }% TNF-o 7K 3 %

fR(P<C0.05), H W Z 4K T % BB 4 (P<<0. 05),
W5,

x4 WHABENRBEKERBESIEELE (2+s)

il B 2  pemol /1)
WITOARE  WITE WEARR
1.3340.94  3.0240.777
1304103 2,52+0. 637

Homa-IR
45

TRT
MIAL(n=98)  375.44%31.68  322.53+29.607
WEM(n=98)  373.16%38.25 289, 78+32. 487
¢ 0. 454 7.378 0.213 4,975
P 0.650 <0.001 0.832 <0.001

DOP<0.05,5 B #& 57 AT b4k,



it A SR R A I OSUMCREUAR 51 v %t 4 20 RO A £ R A ML PR TR A B 3 BB R AR A S iy 1283

x5 MABERUNHRREERLER(rLs)

SOD(U/mL) LHP(umol/L) 1L-6(peg/L) TNF-a(ng/L)
A — - — — - — — - — — - —
IRITHT RIF6 AR IRITHT WIT6 M AR WRITHT RIF6AHR RIFHT W6 AR
X B4 (n=98) 113.68+10.43 151, 77+12. 369 30.3143.61 21,2642, 877 10.2541.80  7.6841.25P 17.33+3.11 15,1242, 049
WELL (n=98) 111.94+11.20  185.934+14.577 31,04+3.25 16,4742, 649 10.4241.77 56041, 087 17.2643.02  12,43+2.317
L1l 1.126 17.699 1.488 12.160 0.667 12. 465 0.160 8.641
P 0.262 <0. 001 0.138 <0. 001 0.506 <0.001 0.873 <0. 001

DP<0.05, 5 F 4L 77 il se 4k,

3 g

L 448 28 5 R s A AR 282 5 A TR UL 3 22 A0 4%
9 5 ZEHRHT L o8 U M AR RE B R B KA k. B
B AW KL Lo A B 446 20 30T R DY M R OK R
Wi, 23 5% J 0 2R MR L 5 Bl B K OF T L 9 5
A SR AR B A A L 2 R R AR &
AL, W5 I RARE 2R A AR . FEBCIY B, B T4 200
i K5 22 5 I U 55 5 P B UL PR R A 38 s B B o i
— AR BRSP4 2 TR O A AR 2R
B AF AR LR PR L 28 30 A 18 o B g AR 2R
LS N R LB 0 1 R K | S Il 4 AN
KL RO A FE PRS0 B L DRI, X L 46 22 30
oV 2 R R AR 2E A AR E AR I A AT
T HURNIGIT » DARE AR IR AE AU, 2l A 305 o

FEUKE 5] e = B 5 400 ) N AR A 2 ) B
WAL, 12 2 DR I T o8 AR ot 7K T o Pl T G A R IR
R T AS 235 | RS IR 15 38 43 b o PR ok B A 5 I AR o
DA 5 JELA B v i T A 3 A0 I At R R U R A
L 06 A IE AT B AR 2R B AR R A L O &
AU e K A R T B 2R K1 2 1A B
FR RT3 Ao AL T 9 3R A ke A 1 5 3R 43k L
28 J5 IS T R s BE U 2E A, DA 48 i i 1 Uk
5 By £ A T 5 B A% 5 OB A T L 8 R R K0
A SRS . A, B 6 A B KR KT T 45
25772 B — RS 2505 %8 A B TR S R AR
PETI L DR SR B v R D S K AR IR 9T L4
R PR AR 25 G AF Jy T 25 L PG B RS B e il
ok (8 2 PR HE R Ul 2 A 7 o AR AR O L T D 96
R 5 JURC ) 38 Ao AR R I 0 D B A A G I k&
VEF . 454G X P Rh 25 W e ok, ] ok 8 5 ol e A iR ik
TRITIT S LA 805 FRE IR B AR 28 B AR SRR, 2
o R A TR T

ARG 45 5 5 o 6 446 28 0 s PR 28 5 AiE
FECE I R i R KT A . ELIE S D RE ZE AL T 43R
ISP 5 . 0] BEAK B % PG 2hPG ., HbAlc, TC, LDL-C
K Homa-IR /K, # % HDL-C K, HE: S8 I7
RORTEAE . o B S AT B8 Sy SRR 3 13 2k ) DR HE

K e AV I o T ) S A% 65 A A 6% 1 0 R A 3R 43 0 LD
il Jot s AW 2 3 0 B v 2% 1 HE s, A iz 2 AL T
RO RCHEE T A8 A W KT 5 53 A B i 2R R k-1
2 AR SN A R % 18 2E AR B R L 0 IR 5 3R UK
P A O I IRV o LA B T o R AR A1
TC #1 LDL-C /K, Jf & i HDL-C /KF 5 R 7
BRI I A IR T AT K A 4 T 1 R 9 s A
FH ok s R A, el A ST BRI B, TR
PRI 25 G A B -1 A B RN I 3z R 2 Il 3R L e
i 308 3 2 0 O R g R R I b A/ DR R A ke
Ref AV I JR 1%, 35 T 3 3 o S T % B 4 R ) il L AU
i 52N % AU i SRk IO IS FH R B AT Il . S 43
GRS IS ARG AT B SR AR R 3 AR
O e = MWE K m BRARAS T L 5 5 U8 3 48 9 4
15, 51 K 9 B A AR 8 1o 7K 4 0 K SR A I
SN R TR S 20 P A A, DA T R 2 n R
WRAIE B G AEAE BR . A B 9T 45 R BN 2RIT R
BE MR R . LHP 1L-6 [ TNF-a /KK, SOD
KOEHEE BB TRIT ROR AR, BT A AT RE S
YRR 51 1 BB A5 412 E DR IR HE THE , [ AL 1M DR R /K SF- , T )
A KRR I A I B ) R Y R B 2R
BB 5 DA 92 B 9 PR R A5 S o DR U 19 8 24 40 £
FHBL EL AR  BCE G 36 7 3 R R 1K 28R 35 1M PR R /K
-5 3 A o ) S A IRIAE RE A SRR B 2R I ek
S B AN RE A7 B TR A 4R S R U
X PV 5 SRS 81 v L ) AR R s G T O R
I B AR A 3 o DT R A AR RE KT 5 7E R AR
iU RIE R B 98 0 KT BE AR, 42010 7 A5 2]
. SOD 7K - &5, B 05 7 R0 B 4 9 3 42 3 1k
S VB X S 5 A0 B A A Bl L R M A8 P AR S
KA A B PR AR 25 A AE SR AR = IR I
i+ 452 1 7K T ot 23 0 AR E S SR R L T I
A 2= AR B A I 5% T 08 1 ) S A 5 AT B 1 ok
Jig AR5 3 ok o A AR Tk — 25 B M R E
N, R 25 AL R G b O B B A i
P Ak s o S8 A 7 38 AN R RE 2 1y L R 1 kil Kkt A
Jo AR 40 25 5 ) 3 6 PR R SR R L R TR R
B IR KT TE SO AR YT AR A



1284

404 10
2025 4F 10 A

JIdEEZBRZR (http://noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 40,No. 10
Oct. 2025

Zf b A RS B IR 5 RS 2 i iR o R 2 22 bl

JRp A 2545 iE (9 7 2808 4« BE 5 9 A1 A8 2% L R
W K AL B A S0 AL 98 E K 1 JOIR 2
(ELAS 7 N AR AR

S &k

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

(10]

AT ML http://www. nsmc. edu. cn

TV TR DRERT SR RORE KT RS B 4 240 A R
LR A AR oW LT ], B SE I R 2%, 2024, 36 (1) : 79— 81.
Zhang C, Tait C, Minacapelli CD, ez al. The role of race,sex,
and age in circadian disruption and metabolic disorders[]].
Gastro Hep Advances,2022,1(3) :471—479.

S0 A A 2 Pl A 28 1) A M AR R 0 I A R e XU 1Y TF
FEHERELT]. v E G $F 2 3,2023,38(7) . 771 — 775,

Li X,Su X, Xia F,ez al. Bibliometric and visual analysis of dia-
betes mellitus and pyroptosis from 2011 to 2022[J]. European
Journal of Medical Research,2023,28(1):235.

Xiao PJ, Zeng JC, Lin P, et al. Chalcone-1-deoxynojirimycin
heterozygote reduced the blood glucose concentration and alle-
viated the adverse symptoms and intestinal flora disorder of
diabetes mellitus rats[J]. Molecules,2022,27(21) :7583.
Connard J,Simonian A,Monzavi R,et al. Type 2 diabetes in a
4-year-old with obesity: considerations for use of semaglutide
and bariatric surgery in children [J]. JCEM Case Reports,
2025,3(9) :luafl42.

rprAg R 2 2 Wl PRI A 4 43 v ) 2 BB PR B IR 4R (2020 4R
JEO LI B BRI A3 i AR 2 3K, 2021 ,41(5) . 482—548.

PR 2 S P R S B U P E A A I S A 2 R
YT HE R 2023 JRLTD. AR A B2k ik . 2023, 58 (1) 4 —21.
EH ARG AR SE L F] AR BRI A AR B 5 P
W37 #9732 BT JHE 2 0% RS A8 & 14 i PR 8CR L . i oK A #1LH
25.,2024,17(27) :18—21.

Caturano A, Galiero R, Vetrano E,et al. Insulin - heart axis:

bridging physiology to insulin resistance [ ] ]. International

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Journal of Molecular Sciences,2024,25(15) :8369.

Thouvenot K, Turpin T, Tailé J,et al. Links between insulin
resistance and periodontal bacteria:insights on molecular play-
ers and therapeutic potential of polyphenols[ J]. Biomolecules,
2022,12(3):378.

Yen FS,Wei JC, Yu TS, et al. Sodium-glucose cotransporter 2
inhibitors and risk of retinopathy in patients with type 2 diabe-
tes[]]. JAMA Network Open,2023,6(12) :e2348431.

Le Y.Yang K, Yang J.et al. Association of time in range with
endothelial injury in patients with Type2 diabetes treated with
exenatide[ J]. Diabetes Therapy.2022,13(10):1755—1767.
Chen Z,Su X,Cao W,er al. The discovery and characterization
of a potent DPP-IV inhibitory peptide from oysters for the
treatment of type 2 diabetes based on computational and exper-
imental studies[]J]. Marine Drugs,2024,22(8) :361.

22 3 XK A AR K IR]. v K5 Vb s 5 7T 3 I S T XL
IKIA YT & 4F I BT e T2DM J7 30 % % A ML) . v [ 3 45 2 4
#,2024,44(24) :5903—5906.

fifp SCURD, E WA B L BT R S IR A I RS 51 R R SUNR R T
2 BUBEIR 5 & AU 28 B ARy & A B (], R 2R 45 0 5,
2024,45(24) :2655—2660.

RO EE R BT, AR A AR I L A8 AR 2 i R
AR 25 A AE AR G A 538 L 19 A JH A o 20 TR LT . Wi VI K 2= % 3k
(B2 /) 2024 ,53(3) : 382—389.

Tang P.Wang J,Tang X,et al. Insulin-like growth factor 2 in
spermatogenesis dysfunction (Review)[J]. Molecular Medicine

Reports,2025,31(5) :129.

[19] Bhardwaj M, Mazumder PM. The gut-liver axis: emerging

(K BHI:2025—05—19

1EH T RS http://noth. cbpt. cnki. net

mechanisms and therapeutic approaches for nonalcoholic fatty
liver disease and type 2 diabetes mellitus [ ] ]. Naunyn-
Schmiedeberg”s Archives of Pharmacology, 2024, 397 (11) .
8421—8443.

&5 B #:2025—07—05)

HB #8 : xuebaocby@126. com



