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[HWE]BH RS BEA TR Z 0 IR (gestational diabetes mellitus, GDM) 2 HENE A K il 150 2598 1
11 4 (neuregulin 4, NRG4) . JF4uifi4: K AT (hepatocyte growth factor, HGF) . IMiETEMEES T A (serum amyloid A, SAA) (Y3
Wl R BEHUTE A RIS UL —EERE 2022 4F 8 H % 2024 4F 10 HUGAR GDM B3 200 B RIS %, R
R FWEH SRR, 2% 100 1], XTHRZL T AT T & IR RERA KT RS RIAYT . AU T LI AR B RIS T 1 & 2R
I, SRR 8 . HEs 2 s I MM (fasting plasma glucose, FPG). #&J5 2 h IfilLf# (2-hour postprandial plasma glucose, 2hPG) ik
T 1) B B SRR 5 2 s LSBT RTFIAYY 4. 8 RS H9 FPG. 2hPG. MHLINZIE T (hemoglobin Ale, HbAlc) . IiLJEH&4TR
[ IHEEE (total cholesterol, TC). HM —fiF (triglyceride, TG). % ¥ NG FHHEEE (low-density lipoprotein cholesterol, LDL-C) ]
J ML NRG4. HGF. SAA B4k, JHUAN REBES R AR G50 US4 FPG . 2hPG bR [ T X B4, FLMUBIEA PRI b &
FHETE L (P<0.05); WEALAIT 4. 8 AJG FPG. 2hPG. HbAlc, TC. TG. LDL-C. SAA {KTXJM84L, Ifi# NRG4. HGF T
YRR (P <0.05); WAL= AR 7= 5 i Sopr B LRI & AE SR AL (P<0.05). 451 HARBES RECE T IR £ BT
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The Effects of Insulin Detemir Combined with Insulin Aspart on
Glycolipid Metabolism and Serum Levels of Neuregulin 4, Hepatocyte
Growth Factor and Serum Amyloid A in Patients with Gestational
Diabetes Mellitus
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[Abstract] Objective To explore the effects of insulin detemir combined with insulin aspart on glycolipid metabolism and serum
levels of neuregulin 4 (NRG4), hepatocyte growth factor (HGF) and serum amyloid A (SAA) in patients with gestational diabetes
mellitus (GDM). Methods A total of 200 patients with GDM admitted to No. 971 Hospital of the People's Liberation Army Navy from
August 2022 to October 2024 were selected as the research subjects. All patients were divided into an observation group and a control
group by random number table method, with 100 patients in each group. The control group was treated with insulin aspart combined
with protamine human insulin, while the observation group was treated with insulin detemir combined with insulin aspart. Both groups
were treated continuously for 8 weeks. The time to target of fasting plasma glucose (FPG) and 2-hour postprandial plasma glucose
(2hPG), as well as the insulin dosage at glycemic target, were compared between the two groups. Changes in FPG, 2hPG, hemoglobin
Alc (HbAlc), blood lipid indicators [total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C)], and serum
NRG4, HGF, and SAA were compared before treatment, at 4 weeks and 8 weeks after treatment, and the incidence of adverse maternal
and neonatal outcomes was recorded. Results The time to target of FPG and 2hPG in the observation group was shorter than that in the
control group, and the insulin dosage at target was lower (P < 0.05); after 4 and 8 weeks of treatment, the levels of FPG, 2hPG, HbAlc,
TC, TG, LDL-C and SAA in the observation group were lower than those in the control group, while the serum NRG4 and HGF in the
observation group were higher (P < 0.05). The incidences of preterm birth, postpartum hemorrhage and neonatal hypoglycemia in the
observation group were lower (P < 0.05). Conclusion Insulin detemir combined with insulin aspart helps to improve glycolipid
metabolism, regulate serum levels of NRG4, HGF and SAA, and reduce the incidence of preterm birth, postpartum hemorrhage, and
neonatal hypoglycemia in GDM patients.

[Key words] insulin detemir; insulin aspart; gestational diabetes mellitus; glycolipid metabolism; maternal and neonatal outcomes

2025-10-22
WAL TESZAHTEFAE (No. 2023-WIZD246)
BEL, & EAEE)F Sa ARt danhuiwen@163.com



658 \

’f? '?li/ﬂ pp

S 202647 H #50% HT7H

U % 3] BE JR 9% (gestational diabetes mellitus,
GDM) &AL URFFA SN, AIXH RIS 7= A v
ZAR RN TR R S IO R R T
ZEEZINIT, TNA RS RE T —F s R K
I, AEAFRREMBESCR, (il HRAT . K
R B Z RS (T FH DA sy UM TSR o bR 5
FORIAERIG RN B 2 R UES &, IR
1B R, MR IS FR AT D 24 h Y YIRS Bl
B PRAL T RS B RERCR ik GDM Y
BITEE AP GDM & A & SRt i, HERE Qi
FAL AR I R AR, MR 4
(neuregulin 4, NRG4). g4+ (hepatocyte
growth factor, HGF) MIM{EIEMFEEH A (serum
amyloid A, SAA) ik I B AR Q- S LA
RIER N, 25 GDM kALK E, I 5K RIETR
GERETEE H Y D, (AHAE RS RiGrd id
H SR S SRR TR0 R M R . SET I,
A5 38 o WG b R IR 5 ZR IR T T R ZRIBYT S
GDM B BERRIC, 1117 NRG4, HGF. SAA KV
KATWREE R84, BRIHZ T I IRT U g TR
PREARAEARAE, S GDM (I RS PR HE S

1 ¥&R5FHE
1.1 ARITHR
AT B4 R EAL 2 AN S 55T B e,

WL Rl FEARBRMBE T AN n=2x[ (Z,+
Zy) x o6, o N AT 8 JH 5 25 I A
(fasting plasma glucose, FPG) [ EfAKbrifE%, 6 1%
R2MEBNEILRES, Hh Z,, 16 1.96, Z, )
128, 0=0.6, =04, IHGR n=47, #HH1:1
YA, REEAREN 94 B, FHE 10% ~ 15% HIBETE
R A B E AT 108 il

BRI N R4 755 L — R BE 2022 4%
8 H % 2024 4F 10 A WA K GDM 3 200 FIE R
WFFERT 4. ARRHE: OFFG IR & M 2h
T8 75(2022)) FHCHREDY; @2t EHlikE . GHbE
SHAEF I LS M AN IAbR, T2 R IR
G HRZE . BRI, @ORILKEIER; O%F
WFFE . HEBRbRE: OZETRIA 0 e o &
WET 5%, @4 I GDM &Mt &iE, WEER
RS O1 BUBEIRIG ; @A I HAE RN A HE
WHR BRI RES % . IR SRS, /2=
PEEYY; @/ IFEENRITEAE; O/ IF AN
SR . U ENBRENSE; @INE. KM TIRE R
W WBBEYLACT R . EEO BB (BEYLEH
SAS BAFARL) A MR L] (HUERIR S RIS T4
BB ZIGIT) . MR (&S RBAEE A AR
BEIIT), 4% 100 ., 24—kl 2s R g+
B (P>0.05), Wk 1. AR5 e BB e B
Z O &wH (IBFE4 5. 971LL-2023120735).,

5 F/% Z &/ DEMAEIES Hi2/E EFRR/B (%)
43l n = = 2 (= . v .
(x=+s) (x£s) kg'm? (x +s) (x+s) WA 4274
WA 100 30.02 £4.17 29.73 +1.51 22.38+2.86 3.21+0.53 43 (43.00) 57 (57.00)
X4 100 29.97 +4.52 29.80 + 1.47 22.31+3.04 3.13+0.61 47 (47.00) 53 (53.00)
it 0.081 0.332 0.168 0.990 0.323
P 0.935 0.740 0.867 0.323 0.570

1.2 Aik

2 2 H M GDM S, AR EHIE .
Mz 8h %

X HRCZH SR T 4% IR 05 3130 S0 [ VA R i
(P ED S5 A BRAF, E25HE5 S20153001, #
#: 3 mL : 300 TUTHK A0 & (N JBR & 3 10 0 [
fonfE (hE) WA ARAA, Bk
$20227002, #A%: 3 mL : 300 TUNAYTY, [1&ES
BRS04 ~ 0.6 U kg '+d!, H=
EATE TS, WEA AR EH®LL 0.1~02
[U-kg '-d' APILGFI =, SEWERT A FES 1K,
R AR B 4 1 O, BEBR 3 d HEAT 1 RO R

FERIHHEEE 2 ~ 41U, B2 IR
WL % 20 R 1 b A JBR B 3R T3 S V[ v R R
(hE) W25 A RA R, BT S20217003, #i
#: 3 mL : 300 US4 e B 3= SR YT, 1)
AR B R EGT R AVE i S R AR ], bR
ELL0.1~021U kg '-d' NHILART &, A0 RERT
TFEHES VIR, AR MBSO, R 3 d #1711k
FHE A, R 2 ~ 41U, HZEIMBEAR.
2 HIELLRYT 8 .
1.3 WEEHR
1.3.1 IMFEAARIESL 0% 2 41 FPG. &5 2 h Ifi
B (2-hour postprandial plasma glucose, 2hPG) iktr
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AN TG (R B ra 7 e B = 11 - Bea vy vl e
U WR 391 v B2 6 45 79 (2022)) M, Bl FPG < 5.3
mmol-L", 2hPG < 6.7 mmol-L"',

1.3.2 BERRACH SAMig 4845 20 0 3R 97 i AR Y7
4 {5, 8 G, RAEBESEFHIKIMN 8 mL, &
OHLAREE, DUFEEE 3000 remin ', 242 10 em B0
12 min, WEEMTE, WE FPG. 2hPG. ML Z1E
F (hemoglobin Alc, HbAlc) M Il fEFEFr[ el AH[E
fi£ (total cholesterol, TC). Hyl =g (triglyceride,
TG) . KH AR HE I IRREEE (low-density lipoprotein
cholesterol, LDL-C) 7K, {{#F R4 A 341k
BT AL s I R FH Tl B f 9 i 6 4k R0 & DN il v
NRG4. HGF } SAA /K-,

1.3.3 BEELZE)R) Fr i Be it i s 2 417 10 Kok
LA RE5 R AL

2831 n FPG i&#RATE)/d
W52 100 5.56+0.71
o R 2H 100 5.97+0.85

! 3.702

P <0.001

FPG: 23S I0%; 2hPG: %4552 h Ik

2.2 M¥EIEHR
BIT 4. 8 JHJS, 2 41 FPG. 2hPG. HbAlc ¥

2hPG i&%RETE)/d

14 Fit=EH*E

i ] SPSS 26.0 A Ab #RE I . 456 IE A
) FPG. 2hPG iKARHEF[E] . IHE A bR B B8 & 25 H 4
A RO R  Ar 2 (x+s) Fox, Hip
FPG. 2hPG. HbAlc 455 5 Il 5t TRk R H A 0
J7 245301, FE W L8R A Bonferroni L IE,
HoAb T F i GBI ] FH A ST REAS ¢ K56, 2H N FHFCXT ¢
Krg s BEEEER SRR (%) FoR, RH
o KU 5 Fisher K5 HIKE I . DL P < 0.05 FREFH
Gt L,

2 ZER
2.1 M¥EEFRIER

WMEEZH FPG. 2hPG kAR [A]%E X5 4, H
MR RARET S 2 > (P<0.05), W3 2.

In#EERHESERE1U-d"

7.21+1.23 38.35+4.15

7.85+1.41 3991 +£4.86
3.420 2.441
0.001 0.016

&TF36I7HT, EEAIARYY 4. 8 )5 FPG. 2hPG,
HbAlc #ETFXFTRA4] (P<0.05), W3,

- FPG/mmol-L" 2hPG/mmol L™ HbA1c/%
71 S, ol S, S, S, e N N S, -t S S,
BITEl JBIT4F BYT8A  RITEI  BT4E BT8E  &ITEI  BIT4E RIT8HE
8.94 + 479+ 455+ 11.67 + 6.65 £ 6.13 + 7.85 + 6.78 + 5.69 +
524 . p . « . .
WA 100 1.22 051" 0.59™4 2.01 051" 0.54"*4 1.29 0.84"% 0.6374
+ + + + + + + + +
wiga 100 07 5.20 4.97*# 11.73 7.134 6.48*# 7.93 7.064 5.91 &
1.53 0.65 0.72 1.63 0.62 0.51 1.04 0.92 0.57
Fuw Pam 7.603, 0.001 4327, 0.014 5.388, 0.005
Fuwr Py 7.183, 0.001 7.225, 0.001 5.808, 0.003
Fopr Py 4.064, 0.018 3.907, 0.021 4.631, 0.011

TEATTETILES, P<0.05; "SIRT 4G AR, P<0.05; SSRIEXTEERAL LA, P<0.05; HbAlc: kM E A

2.3 MAgIEHR

BT 4. 8 FE, 241 TC, TG, LDL-C #{KF
RITHT, HUERAIAYY 4. 8 JiJ5 TC. TG, LDL-C
T XIRA (P<0.05), WL 4.
2.4 MFHZATEAR 4. FRABEKEFS DER
MEEZEE A

BIT 4. 8 JilJE, 2 4lilis NRG4, HGF ¥&F
IBITHT, SAAMRTIARYTHET, HOWEHIRIT 4. 8 )4

J& L7 NRG4, HGF & X 4L, IfiLiE SAA LT
XHRL] (P<0.05), WS,
25 FHEARRER

SERLH = A = P S i & A A X R
(P<0.05), WLF% 6.
2.6 FHEILARRER

WEZE 418 A= LR IR & A2 AR (P < 0.05),
W7,
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F4 2HMASIEIRELE: (x £ 5)
3 TC/mmol-L" TG/mmol-L™" LDL-C/mmol-L"
n e N N S, e S, S, N —e S, S,
BITE BYT4FE BT8R iBYTET  RIT4R BIT8EA  RITEI  BT4B BT SHA
5.83+ 521+ 475+ 245+ 1.88 1.67 3.82+ 332+ 281+
W= : ) . g . .
MEAL 100 0.62 0.59"" 0.53"4 0.39 032" 03474 0.69 0.55™ 03774
wiea 100 O77E 5.57 % 4.983#: 248 + 2.01 % 1.833#: 3.75 + 351+ 3.01$
0.69 0.62 0.57 0.31 0.36 0.29 0.77 0.42 0.46
Fum P 4785, 0.010 3.930, 0.021 4284, 0.015
Fuwr Pu 4.148, 0.017 5.840, 0.003 6.813, 0.001
For Py 3.193, 0.043 4307, 0.014 3.511, 0.031

TERNRITIT LA, P<0.05; PEIAIT4RIGILEL, P<0.05; S SFEBIXIBLALLE, P<0.05; TC: MAHFERE; TG: Hih=MHk; LDL-C:
AP i B 2 1 O st

R52HAMBHALFETER4, FFHERERKETF. FEMEEEALR (x+5)

3 NRG4/pg-L" HGF/ng-L™ SAA/mg-L™
7 oot s . oot s . oot s .
BITET BYT4E BITSE ATTET BYF4FA BIF8A BYTEI BIT4RE BT A
3.67+ 4.63 + 537+ 257+ 3.03+ 3.69 + 443+ 323+ 241+
g8 P . . * . .
Mo 100 0.62 0.82"4 1.23"4 0.42 0.47"% 0.68"4 1.02 0.73"% 0.46"4
+ + + + + + + + +
wa 100 37 439 4.96*# 2.53 2.824 3,37*# 437 3514 2.70*#
0.55 0.62 1.07 0.49 0.51 0.62 1.12 0.86 0.51
Fuyw P 5.603, 0.004 6.127, 0.003 3.787, 0.024
Fuwmr Pum 4.190, 0.016 5.724, 0.004 5401, 0.005
Fomr Poy 7.072, 0.001 6.819, 0.001 6.127, 0.003

"ERITHTHAES, P<0.05; "5iAI7 4R AR, P<0.05;
KHETF; SAA: MIHFTEMEEAA

SRR IRZLILES, P<0.05; NRG4: MZJWHE T 4; HGF: JFlud:

RO 2AFARRER/ LR

ZH 5l n B (%) BE=/M (%) PR (%) ERIE/MH (%) FERHIMAE (%)
M4 100 11 (11.00) 28 (28.00) 4 (4.00) 1 (1.00) 4 (4.00)
WHEH 100 23 (23.00) 36 (36.00) 8 (8.00) 2 (2.00) 12 (12.00)
P 5.103 1.471 1.418 - 4.348
P 0.024 0.225 0.234 1.000° 0.037
"2 Fisher KB i 56
xR 2FEILARERILER
A3 p EXJL/ HEILER/ BeILEE/ FEJURmYE  FEILSRELA R MAE/
Bl (%) Bl (%) Bl (%) Bl (%) B (%)
M4 100 1 (1.00) 1 (1.00) 1 (1.00) 2 (2.00) 9 (9.00)
SHHE4L 100 4 (4.00) 3 (3.00) 2 (2.00) 10 (10.00) 12 (12.00)
Pa - - - 5.674 0.479
P 0.369" 0.621" 1.000° 0.017 0.489
f %% Fisher ¥ 16 50
3 itig Ao MR By R A e TS e AR, RS [

1~2h, FFREEAFEATKGE 24 h, BA VR0 Ry
AT BRI R, O T AR 2 0 R
W, BEG RIS R UTA B TR GDM A Il
W, H A R B35 R Kazakou ZEP ST i
N, HIRRE S ZAERR T GDM 3 HbAlc KEHh
A,

T4 5% 3Rt GDM # IR FE s 259, BoA
AR IR SO, ELARIUE A 2 KU AR X
AR, ZAE% GDM B3 4 AT & 2 . (2
1A 5 R AU (ELINF [A) Ol 2 ~ 4 b, A5 )3 o
47 3~5h, HIFRUE D2 RIS R . Bk
B A R TP R R B 2R AT A i e W A 2
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NRG4 7F 4 45 15 J5 AR 15 1 i b 49 v T 22 A £
KT NRG4 7] 28 fiff i 5 55 4 B I A IR A
i B ) R AP . HGF HAT FEAR 08 . H1 R A9 1E
F, AR HGF DR FI 08 R 83 0 I
il , ELAI 34 GDM A KRR B 4h R g A KU
SAA A MR RIEE O, HoKFA9 T+l S804k
E SR, s 5 sk . A ThaE, X mobE
il = A A Bz mt Y @i AT NRG4. HGF, SAA
KR A AL, ATE—2E A MR B RS T 14
X GDM BE 1 HARVE LS, ABFRas R
AN, A HLRE R B 2 B A LT NRG4 . HGF .,
SAA KFHET N B E (P<0.05), X&m THiks
B 5 28 HAT KA R BRI, . T okt e iU U8k 50
SR ANNE . PSSR s, 4eR5Ciiass,
Bij 1k 4 HE 006 4%, DA 98 99 1L % NRG4, HGF,
SAA K. BRIETE SIS AL R, MR KB
B TTA T 5 25 AT T e R A . AT AR
WL B0 9 RE SN A4S, XTI NRG4, HGF,
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