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Abstract

In recent years, Gestational Diabetes Mellitus (GDM) has garnered widespread attention as a typi-
cal pregnancy complication. Not only does GDM affect maternal health, but it also poses potential
risks to fetal development. This study explored the changes in erythrocyte folate metabolism in
patients with GDM and its impact on fetal development, aiming to provide new intervention strat-
egies for the clinical treatment of patients with GDM. Blood samples from 200 pregnant women
with GDM and 200 healthy control pregnant women were collected, and the levels of folate in
erythrocytes and the activity of related metabolic enzymes were rigorously measured using High
Performance Liquid Chromatography (HPLC) techniques and radioimmunoassay (RIA). The study
revealed that the concentration of erythrocyte folate in the GDM patient group was significantly
lower than that of the normal control group (P < 0.05), and the activity of the metabolic enzymes
also decreased. Further evaluation of fetal growth and development indicated that the weight,
length, and head circumference growth indicators of fetuses from the GDM group were all lower
than those of the normal group (P < 0.05). Multivariate linear regression analysis of the research
data established a positive correlation between erythrocyte folate metabolism and fetal growth
indicators (R? = 0.624). In addition, logistic regression identified folate metabolism abnormalities
as an independent risk factor for predicting GDM pregnancy outcomes (OR = 2.64, 95%(CI:
1.57~4.42). This study highlights the crucial role of erythrocyte folate metabolism in the fetal
growth and development of GDM patients and suggests that folate supplementation and metabolic
regulation may become effective ways to improve pregnancy outcomes for pregnant women with
GDM. Based on these findings, this paper proposes a number of practical clinical application opi-
nions, in the hope of providing a scientific basis for the future treatment and management of pa-
tients with GDM.
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1. 518

ZLAA N B A AE SRR VI A R B MR . KEWT TR, YRR IRk = 5 i ) LA 22
B F AR AE R E A RAEIREE R s UIAHSR[L] [2] [3]. ARTFuia, GRiRF-HI(% 8 A M)#he
400 pg/d FAIH R T A A0 28 5 IR IZ V) R A S R AIG 72% [4]. MRS DNA & i3, B A& ks
IR RE, AR A B L 5 T TR AR [5] . LA IE N N A7 i e K (A0, L 7R
RS RES S WAL R FRARIL[6] o A7 T TS 2 L TN 22 rp i ST 2 21 0 P BRUR P2 384T 1 A
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2 I e G S L 21 4 P R IR P R AR T 22 (P < 0.05), $RURIEURIIAIH IR SR B dn, 5 kA
BRI = [7]0

UEAR SR PR (GDM) A2 A BRI 3 WIFRE, HORRHLEI A e 205, RS S 2. s
RO UWMRIESE R A C[8]. GDM HIREE KL HrA LRI . P AL SRS A RS R, Bnb)
WA IRE R [9]. AWFA LB, GDM H 3 3¢ AL g i i B /KPR T 1E % 2o, FLIMURE % i A
PR /K BEAR[10]. HEMRTRESE B T/ MBS, REBERR IS RIS MM b, JHHFESE 2 M IR[11]. 4400
Rk = AT el I 5200 DNA HEAG . G JLAE KR B AH DR EE R R i xR L= AE AN RIS I [12] . — T
T BB FE 4N 90 4] GDM  FE5 Al 90 il IE 5 20, R AL 4H M B K-, JEBEVT or i s R . 45 IR
BoR, GDM 4l 2 /K T[(312.5 + 123.7) nmol/L] &K T XF IR41[(542.1 + 134.6) nmol/L], ZRH
Gt X (P < 0.01). H GDM 41 E K JL & A #(18.9%) T 1 HE 41(5.6%), % %A 4iit2# & X (P < 0.05),
B LIRS . PPICE B 5 GRS T RORE K A2 %6 GDM 2H 1 /5 T HE4H.(P < 0.05) [13].

2. {TLRBAMBR IR ETIA
2.1. {AéApSHBRRINTIEE

LA R S DNA AR gEMAE KA 2B UM O M RVE VB S 5% H IR & i, Tt
LR A R (1R A G RE . MRS £ 55 DNA A A2, SUmAmi ) E% 0%, M5l E%)
CLAMBRPET . WEFUREH, LA R /K 5 IR R K S IE AR 2G(r = 0.78, P < 0.001),  H 214 -2
KPR B8 4 1 sz B 2H 2 FRAR A5 [14]

ZLYHN N IR EE DL 5- I B DU S R (B5-CH3-THR) T A7 AE, £ 7 240 B R 1Y) 60%6~95%
5-CH3-THF 5 [F 84 - R & % - HBRZURRIG PR, o [F) 2 - Jok 20 =07 FH A R TR R, 4R RRIR N IR
RAIRIKT, TR AR e B R A T T [15]. BRI, R ot 40 5-CH3-THF 7K1 &
AR T AR 4R 2o 1 [(340.5 + 121.6) nmol/L vs. (594.2 + 187.3) nmol/L, (P < 0.01)], &/~ {4k AT B £ hn s W LA
R (1) YA KE[16] -

F% ¥ 5-CH3-THF, ZL40M1H ik & A & 1 MU BR(THF). 5,10-M1 FHE-THF A1 10- Bt FE-THF S5t
BRETHEY . Hp, THFE S5 D 5 RE 7 O A2 B 5,10-30 HH S -THF,  FE7E R IE iR B (MTHFR) (1)
YER T i J5AE % 5-CH3-THF T 7t % 8], MTHFR 677C > T £ 2 5 2041 i - FRAR M 25 VI AH 5%, 3578 677TT
FE R R B AMA LT 41 . 5-CH3-THF 7K-F-B 21K T 677CC 1 677CT JREA[17]. MTHFR 677C > T £ 0]
REE I R MBS 1, PR 5-CH3-THF (2B R, ki s m A Qit B S AR B

R LRTIR, A RRATERL TR A R B A B T TR EE AR A, AR 2 2 8 %
S Z PR R IR0 o IEUREANLARI R TSR3 n, 2o gt K7 R %, R RESTBEAAR B iR ) LAEE FE ™~
ARG o BRI, RN ST 3 G 53 21 20 B i R AU 728 A 0 S FE X BE LR 52, %48 5 22 38 7%,
TR A0 TR AR A 5 A B B .

2.2. HEE SRR RA1ER

MR AE N KIENE B R4EA 32—, 1E DNA & 0. HEVERSET A5G A vl slish 1k
HI[18]. UM ERIEAARL, WRSBURILHEERITE . BISR . Jo R MO 55 ™ 5 1 A SRFH[19]
FIRE201T Fe A B, Z AN AN FE IR, TR 2 FEIRAR ) LM 2 R ) K A o 5K 4 [21]1 Meta
TR, AR = A B AR AN 0.4 mo/d HHER, AT I RIS 79%.

RRER 7 BT AR kB, 3B SRR A ACRE B DIAEOC . R SE[22]%) 1982 5 2 42t AT i 471 %) 1k
WEIT, 45 R o= 28 b I R KT 5 SR U 390 ML S 9% (OR: = 0.38, 95%Cl: 0.26~0.58). it JLAE K AZ IR
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(OR = 0.41, 95%Cl: 0.25~0.69) 2 i AH I . 1X K K ERARAS ol e Y I AE R IA & i G LAE K2 IREEA
R AR 45 = i KRS o

AR, BRI AL A 7 [R) ~  ZR (Hey) AR, TRJREsZ e A R iR ) LAR R - & Hey MLAERE A A2 0
M PR AL S b R 3R [23] . BB [24] B F R W, 253 Hey KP4 T 5 umol/L,  SE#R3 & ifiL &
TR A A 5 PR A S I R I RS Ak T 20%~30% . 11 76 2 1 HER FT (e i3k Hey R o F R &R
AT AR I Hey 7KFo JAIBKEE[25]%) 521 44 Z2 i #h 78 iR 400 pg/d, T 12 J&J5, Il Hey /KP4 -+ FiET
N % 2.17 pmol/L (P < 0.05).

ZE ERR, R R AR IR R T L R HE SRR . R MBS, ATTRB G ) LA & E T,
FEARMEIR A A R 6 ) LAE K2 BRAE I RRE AR, R I8 Hey AR, ool BHA KR LA FER L .
DR, 22 0 2 B I b 7 I BRI g 4 e A o LA AR i S

3. STYRHAGERR AR
3.1. SEYRHAGERRSEY & Rt

4R TR R 995 (GDM) A2 8 S UR 391 18] 1 V% A6 R B RO BRE i 5 S, R e LA B AR S QP s 2
—o TR, BEAE RN T SO R PR AT A 10 e, GDM MR R BRI A . AT A R
N, MEPHHEIX GDM (1 5 235 VG 75 B 5K 5 iy, P E GDM [ %6200 14.8% [26]. GDM AU T
BERIIAS RAERES J5 AR, AR IA S L B 7= P fE MR AE, b mTRext in LA K K E = EAR
AR

GDM AImblfil A%, HETANFE SRS FZAMBIOR) MR B R WA A K. IER IR, |
TR 2 AR R . R AR SR AR RER, SRS BHA IR 2B E#
INE . ONYEREIE R A RS, @RS g A nnE AR I A S A I Th eGSR, W E £
(5 55 2 DIEHL IR [27]. 1fi GDM &3 B Tt fe . ISR R, HR p A RThae 24, MRS
WA DAAMESE SR IR, SEUMKETF . tAh, GDM BE e s 5. IR Tk 7
W, 5T IR BRAKE28].

% IR 41, GDM KRk S8 MEARE RAESVIM . BFFE R IL, GDM HEIEFR b 48 v 40 g PR -1 fie g
IFEHF o (TNF-0) HAUMEA 2 6 (IL-6)/KF &35 T+ mi[29]. IX 4L 58 P K7 ] B TP S =05 S,
InE AN E ARG B REUL. BRI SN R B R HRPT,  RIRTERERI IR &y B AR ThRE, kD R B R
(6 %5 504 [30] . TNF-an 1L-6 Z5 5 MK 77K T 5 GDM B3 IR FEEE . IUBE % Hl AN EFE B IEAH 2C[31].
RIS L REAE GDM & it AR .

M, IR IR hNE 5B R WA A L E GDM KR I DI, B IERE RS S Hop B
T, 220 F 3 A0 AR F e 24 5 BUR & HEAR S R4 . R NARTT GDM HI R pLAE, X4 5 GDM - HH T s
CW e T R EE S .

3.2. TEYREAVELRABXIRG ) LA

SR 4R B PR PE . 2 MR AR AR LI AE KR E - m IR SE 2 S 80 ) L R Rt m, 51
Gl R ME, (RRILAEKEE, HBIERILE2]. R, S5IEEZEMI, R Rk 4
EARTA R L AERE, K. SKEH BN, BERLURAEZRRIL 30%~40% [33]. FE, &t S
FHRILOIERE 7 o — TGN 1165 il SR SRS FR W Z2 W I BA BB FE B, e O 00 B 26 288 ) LS R A
O IR B 2 6.1%, BRI & T X IEZH 1 1.2% (P < 0.01) [34].

WAL, S ORI PRI I 2 3G IR AR LR RS . S AEL R R . PR 8 SR B A S5 R I XU . 7R
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— TRV S AR SR PR R PR T IR AR, BT AR LRI . IR R MRE . PPIRE A SR A AE I R AER
43N 18.6%- 32.4%. 7.8%, ¥ T 1E X HRAL[35]. X A JLIF ARE T g5 iR L iR & 2% LE A 5%
VAR FEE D I 2R A ) i R T VS VR S B IR R R, R EURNAE LI 8 R A AE[36]

UEYR IR PRI I AT RE S BUIR ) LA BGRB8 . Ornoy Z5[37]%} 32 5 4 4R A bR 2210 K LR AR
BT T K IABEYT, RBUEURIARE R AL LB SRS sh B S R T X IR AL, SRR B P v IR SR B ]
REXT G LA RG R B = EAFI I . SV SER B FUR I, SR AR 3 e MUK T 51 S e BT - A 4 A
TR FEREAG, FRANTTIEAVE R RE, AT S a2 /8 71 247 [38]

g LATR, WEURIE R E I 2 ML IR LR KR E, SEEXRIL. eRETE . B LI RE
EARER, KYErRERNJLE MM OIERE . I, s 2o ] i 5, K i 0 Rt BE 22
(R AN S ) o 22 A1, o BE B TS B R

4. MRAZESHIRSH
4.1. WEEARIERS ST HTHESR

AT, LA, B CIEE BT TOREA, BROR 1O AR ARIIRE O 200 R LR I LAL AR
PR AT MR ) LA B S R SEIE 7 M B A v FE R S M M S B i S T 7 LB i 2 B 1 FEAS I ) R
PRbRitE, R UL ) — BRI S B bn. B, MRS T 7 R, @i HuE 2
B e RAR R TR 2 1 SRR T M B I FURS RN €

PIEREA LI IZ I GRIIRE FRR 1 22 10, SR . B AR B (BMI) 22 S5 AR Ge it 45 A0
HIFEAEAAS BARVEAMNC (LA 1), OB LL G IR B S0 (B AT 75 Ml P Pk I e 78 77 S5 A
Hega s RN BRED W07 AHE ) VR, B AEZ RIRE DT R T LR AR S G L AE R K B A ER R -

Table 1. Basic information records of pregnant woman samples

1 PAFAEKRERICR

Fh (%) A (kg) () BMI
SR 25.62 +4.15 67.79+12.15 23.93+0.89 22.33+1.07
XA 25.45 +4.02 66.21 +13.03 26.21+1.44 23.27+1.19
t 1.82 9.68 1.63 1.96
P 0.77 0.63 0.73 0.82

WEFREASRAZ IO 1) AT ST iR ETRAC 8L, 5 T FE T A T b SO RATT FRBF 7T A o ASE
SREARBEIIRAETT G, 20 BUEBAEREA . IRIOF o A, BB AN TREAS, R DA 1™
W RERAERE R . JCHAEEAR BT B BIEFEN ST TAS AN B 7 T AE R, R RIR gt 2 oo
L PER ISR, TR DR 1 Bl AL BEAN 24T (KT HE B 1R S5 R 24k

G, AL SPSS 22.0 A R BAFF N EZE TR, KM T 245 [ 73 Hrok £ Fu i
SEAREN IR S ) B T 1], A, DRRAe W S5 R E FL SR%E, SINBRAR I Hridt — 2D i e
B AR R R A G &2 KT B N 0.05.

I R ST IR AN AR BB A, AR FEANOON T B AR AR R PR B R KR LI E TR
RO TR, A IR TAEAN 2 SL R BESRIE AT Rk 1 B4R S AHERE . BRIER RN 5 2 [FI Rt Fe 2
BT ARSI, GREEIRR L ST
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Figure 1. Flowchart of the study sample
1. MIREERRIEE

4.2. BIRWESR TSRS Gt AR

A FE K P AT BE VR B AR FE v v, I U WO 2 SR o 20 2 i R A U R SR
(gestational diabetes mellitus, GDM)K AR R, PHAHXIG LK B IR ERE I . FRATHE S50 41 70 b 78
HER A TG AN R BRI EZH, 2 B ERAE AR AR . IR ORE S o I A R . 214 IR R R R DA S B Ak
IINTIEREAT EAL, BRI AN GE TR AT

AT, T BRI 0 A T R A B o S A SRV R A . I8 I DR A SR, AN STk
# PO {5 0.6, P1{HN 0.85, MUE a fH N 0.05, B{HA 0.1, Zidil5ahw A 7t i BT & B FEA B
97 Xt o B %, FEHAEW T AR S bR A b B iR AR A R AR B0 200 44, BE B8 2 AHT AL IO 5T 7 3K
FEA BT AR TR,

MAGREINT &RT, BPHEMICRT S HER'S . TR REN. ZHBHERIKE. GDM 2l
iR, g R B URE & Apgar WG R SRV RIRERY, RREh R4, R
IEH AR S, HATAUMH ERIR A, T GDM R AR KBS o 33X — RN I I 17 ke e 4 H 0 FR 0
UMK R I T, WONZE IR T TR AL T W8 TE I 5%

B BRI TE R, BT R — B AR G LA KR B AR AT ORI 2 R b, DAER
ST 20 I TR P %o 7 0 B I ) LA R A T B2 I, R 3R L E SR R PR T T PRV TE AR

La/z\/(hij p(-p)+ Zﬁ\/pl(lr—pl)+ " po)]z

(pl_ po)2

n=
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5. &

AT TR IR 200 44 5 U B R R A 200 44 5%] [ ZH (g B 2 U ) £ 400 M R KT JEAT b, R
U YRIYINE b B O£ AT R B R AR T HAL(P < 0.01) (L2 2). HE—D ikl ZI4 iR
KPS HEAL AT 2 I (HbALe) B R 35 A IS (P < 0.01) (WL 3), $&o Bl PRI 22 1y i R A I S B
[, ARG LR AR . B Sk SRR B 0T R RAL(P < 0.05) (L4 4), #R
BRAI IR E R A LT RE G LAE KK E -

Table 2. Folate and Hcy levels in the experimental and control groups (M + SD)
2. LA SXTRALTMAEAER. Hey KT (M + SD)

4153 1% (n) 2140 IR (nmol/L) Hey (umol/L)
it HE 2 200 763.81 + 101.67 7.45 +2.34
SR H 200 630.12 + 60.48 12.06 + 1.65

t / 14.260 13.440
P / 0.001 0.001

Table 3. Association analysis of erythrocyte folate levels with HbAlc (P < 0.05)
3. YEMELK T SR ML E BB 534 (P < 0.05)

2 (B ZL4H fa -T2 (nmol/L) FEAL I 215 11 (%)
it HE 2 200 756.35 + 101.74 55+15
SR dH 200 621.91 + 68.85 65+1.5

t / 13.776 5.192
P / 0.001 0.001

Table 4. Birth weight, body length, head circumference and other indicators of experimental and control groups (P < 0.05)

F 4 FWASHRERILEEAFE. HK. KEFHEFREP <0.05)

2153 Bl (n) AR (g) HK(cm) 3k il (cm)
it B 2 200 3000 * 250 50 +2.34 35+1.25
SR 4H 200 2600 + 250 47 +2.34 32+1.25

t / 14.260 13.440 12.210
P / 0.001 0.001 0.001

AHFFIE I AT T AL A0 M IR KT 5 R 2 S P 2R (Hey) /KPR SR R e SR B, IRH PR A 4 18 1 e
Hey /K78 & F i R 41(P < 0.01) (L3 2). Hey & RS 1 8] 724, HoK FTmih A2 O
ERR RS ER R . HERIE Y Hey AR GRS, 25 Hey MR E H IS /2. Bk,
FRER = AT 22 Hey BAR,  SGINCo M 9008 AR o ASHIF FE 57 e U S0 PR s ] R et s e B A, 32170
S8 Hey K, BEINEREA RS KU .
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[FII,  FRATTH S 86 20 3 kb 78 it RN AR 78 i BR PR AN ZH 40 Sl XoF EU £ 200 B e R 7 5% 2L 1) 25 B ) X
Al gt s R, S RER, LALLM R 5 0 A AE BB ZE R (P < 0.05), FEMUBEEHIA
R R R 4H b 22 S Ve BE 2 (P < 0.05) (W% 5), KB IR RIEIREE R R AR W w, 455077
16 R 2 (P < 0.05) (W4 6).

Table 5. Glycemic control and erythrocyte folate level (P < 0.05)
2 5. MEEEHIER SO MM ER K F (P < 0.05)

451 1% (n) 2L A R (nmol/L)
X AL 200 799.25 + 106.21
SR ZH (kb 72 R ML R A4 50 752.61 +112.16
SRS 2H (R TS IR IIUBE AN RL4H) 50 660.75 + 101.06
SR 2H (AR R MUK R 47 441) 50 605.97 + 102.76
S R AN R IUBE AN RL4H) 50 579.86 + 107.23
t / 10.290
P / 0.001

Table 6. Occurrence of pregnancy outcomes in different groups (P < 0.05)

5% 6. FRIBHNITIREHELEER(P <0.05)

415 pge ot me B RS nm AR s
o HEZH 200 2 (1.33) 5 (0.67) 3(1.33) 5 (0.67) 2 (1.33) 3(0.67) 20(10.00)

SEHGZH (Fh 7 R ) 100 5(4.00) 7(67) 4(267) 6(1.33) 5(3.33) 3(2.00) 30(26.67)
LI CRHM M RZ) 100 8(4.00) 9(267) 6(267) 9(1.33) 8(3.33) 5(2.00) 45(33.56)
P / 2.015 1.852 0.781 0.327 1.361 1.115 13.765

P / 0.147 0.196 0.519 0.632 0.265 0.327 0.001

ER PR, AW TR B AL IR I0E v 8 L 2 oL R 2 0 2 A R A, T BRI IR
AR, IS mle JLERKRE . I, InsRAEARIINE Aow 858 1R S IR B A IR R A L,
FIRE AL B0 BHE TG A B B o RORWF FT RLE— 25 R U R SUTRE P93 5 i - R AU B 20T LA, Dl
SE AT BT E (1T PSR S 4 (LB IR A 4l

SE
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