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Prospective cohort study on the relationship between hemoglobin levels in

early pregnancy and gestational diabetes mellitus
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Abstract: Objective To investigate the relationship between hemoglobin (Hb) levels in early pregnancy and the incidence of
gestational diabetes mellitus (GDM). Methods Following the principle of informed consent, data were collected from pregnant
women who underwent prenatal care and delivery at ten hospitals and fifteen community health service centers in Kunshan,
Jiangsu Province, from August 2019 to June 2021. This included demographic information, medical and family history,
reproductive history, physical examinations, and laboratory test results. GDM was diagnosed based on the results of the oral
glucose tolerance test during pregnancy. A restricted cubic spline (RCS) regression analysis was employed to explore the
dose—response relationship between Hb levels and the risk of GDM. Based on the RCS results, Hb levels were categorized
into two groups: Hb < 138.4 /L. and Hb > 138.4 g/L. Logistic regression was then used to analyze the relationship between
early pregnancy Hb levels and the risk of GDM, calculating the odds ratio (OR) and its 95% confidence interval (95%CI) to
assess the strength of the association. Results Totally 9 045 women with singleton pregnancy were included in this study,
with an incidence of GDM of 14.72% (n=1 331). The RCS regression results indicated a linear relationship between early
pregnancy Hb levels and the risk of GDM (overall trend test: P=0.013, non-linear test: P=0.396). Multivariable logistic
regression revealed that women with Hb > 138.4 ¢/L. had a higher risk of GDM compared to those with Hb < 138.4 ¢/L, with
an adjusted OR of 1.214 (95%CI: 1.021-1.445). Conclusion Elevated Hb level in early pregnancy is a risk factor for the
development of GDM.

Keywords: Hemoglobin; Gestational diabetes mellitus; Restricted cubic spline
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20 (International Association of Diabetes in Pregnancy
Study Group , IADPSG) M2 W bR 2021 4F 4 BR
GDM #p 4k & 9 RN 14% [95% (CI):13.97% ~
14.04% 1, HAERM X GDM Frfb RN 7.8%(95%
CI:7.2% ~ 8.4% ), AL SEM AN LE B IX N 7.19%(95%
CI:7.0% ~7.2% )", JEHISEET B A BER 2525 70 i 2
IR GDM & %K F N 14.8% (95% CI:12.8% ~
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1L 1.2 F (hemoglobin , Hb ) J& 2 i P Rif # A i FH
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/LB IN GDM 19 &9 AU . Yang 55 M5
FHIZE B Hb KRS GDM Y & XU o 4K
M7 , WA BFFE AN 228 Hb KF 5 GDM 2 [ fE7E 4%
TR AR JC13, R IE, 223 Hb K5 GDM AR Y
K R AT B — B HET, I BN GDM & 5 XU 1)
FEE Hb FYE M TCGE—IARifE . A58 T RTBETE A
HIR A RR S PESE A 4% (restricted cubic spline, RCS)
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1.4 % F oM KR SAS 9.4 4 (SAS Institute
Inc., Cary, NC)HATGEIT 0T o ARG 50 24 SR XU, 4G
B KUE a=0.05, AHIFFE oA T BORH R AR A IE
AT, R BRI 435 B 1R (1Q ) HEA T A
SR BRI S0 A 74 18] O 5 3 AR R R ki g
FEHEA T I | 28] BRI 2 A S0 sl 3 i VIR R ik
K RCS [ 22 5L Hb ¥R T GDM & 93 AL
B 22 BRI RV O &R, FETR . AR5,
Xt Hb #475025, 43 5R R R 2 M Z R logistic [1]
HH AR (OR 1E) Je H 95%CI, fi it 24 5. 5] Hb
5 GDM &I REPE . TEZ R E logistic /3Bl
H K GDM S5 1 20 =22 [B] 4 18] HE AN S AT 1Y)
58 A NPV B IR TR AR RESEAR RS 2R
ZE T BMI A B U™ A6 25 I AU L afn /NS e B
BORISLAR T 8 7K S R S R0 o ML

2 & R

21 RIIABEG — A AE ARBAFIFE 2019 4F 8
H—2021 4 6 AHZER ILTH 10 KERBEM 15 LXK
ARG T T BRI AR TR A
9 045 £ 4F# =18 % MLl 421d , Hih ,GDM &% A\ 5L
1331 i), BEI B IEHH 7 714 6, GDM 9 &5k %
R 14.72% ; S TR R 28 2 (104:25 ~30 %),
/N 18 % fie K 34 % i RAJR I P i KK 10 S
(1Qx:8,12 ).

2.2 GDM 285 ¥Edt 2 B A O 45 4L R ik &
I AR — AR ARG L3 GDM 4 BLLR AR IR =0 T
i B IEH 4H(29 % vs. 28 %, P<0.001), 3 H., ik =
2 WG AR LG | 4 W B v IR ) LB T
i 5 4L, ZE R0 BMI, 1 YA 23 I8 1% L Hb | IfiL/)N
M, AR T e TR AET sk R B 7K SF- LA OGTT
25 WEAMHE 1 h U 2 b 088 A H 2 K2 i TR
HIER . WSO | BRI S s 2P 14 R 2
I FFCBR 06 114 017 WG 20 ] i 22 S 2 R A S it 2F
B, W31,

R 1 GDM A5 i IR IR GOR L n(% ), M(1Q,) ]

Table 1 Comparison of baseline characteristics between GDM group and normal glucose tolerance group [ n(% ), M(1Qy) ]

AF GDM #(n=1331)  HHifiEIEH 4 (n=7 714) Gl Py
() 29(26,31) 28(25,30) 9.29 <0.001
B (K) 5.87 0.015
1 397(29.83) 2561(33.20)
=2 934(70.17) 5153(66.80)
FEROK) 15.97 <0.001
0 556(41.77) 3679(47.69)
1 775(58.23) 4035(52.31)
AR 1.77 0.412
wh &R 478(35.91) 2714(35.18)
[T E 295(22.16) 1622(21.30)
KERL T 558(41.92) 3378(43.79)
Z47i BMI(kg/m?) 22.31(20.31,24.64) 21.00(19.40,23.05) 13.67 <0.001
UGS B I (mmol /L) 4.76(4.44,5.03) 4.53(4.27,4.80) 16.07 <0.001
UK Hb(g/L) 130 (122,136) 128(122,134) 6.12 <0.001
U /M ( x 10%71) 227(195,263) 219(191,254) 427 <0.001
HUO KL x 10%71) 8(6,10) 8(6,10) 6.64 <0.001
UK (mm He) 110(102,118) 108(100,115) 8.30 <0.001
=K AT R HE (mm Hg) 73(67,78) 70(65,76) 7.41 <0.001
T R A 3 L 075 74(5.56) 263(3.41) 14.63 <0.001
WP R L 10(0.75) 43(0.56) 0.73 0.392
2414 JE Z 0 04 FR R 54(4.06) 302(3.95) 0.06 0.806
OGTT 7 I A% (mmol/L) 5.18(4.78,5.43) 4.36(4.07,4.59) 46.03 <0.001
OGTT 1 h IfiA# (mmol/L) 9.20(7.90,10.28) 6.80(6.00,7.70) 39.26 <0.001
OGTT 2 h [fiLA# (mmol/L) 8.00(6.77,8.90) 6.14(5.52,6.80) 38.07 <0.001

T BB AR B R T o 7 ORI DU 37 () BE EA T 43

2.3 Hb 5 GDM & % R %6 7 & 50 o4 [l
RCS Al #AEZ2 53] Hb /K5 GDM % 3 JRURS: (1) 751 1

VKRR WE 1 Fs, AL bR LA b s ee AR
LN RR R GDM A KUY OR {H . AW IIE 4
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A E I EL(P=109.96¢/L) K5 S IR T %
AEIE U BMIL U™ RS IR IR L i/ Mz L
20 L FSCAR FRAKOT B WR  il FE S R 2R . 4
RoR, Z25 Hb 5 GDM A KBS H S 2R 56 £
(K59 : P=0.013, AE L PEAE 55 : P=0.396), FF51 Y4
Hb> 138.4g/L(#5 55 i, GDM AU 3% Tt

2.4 ZF-H Hb R F KT GDM & & J% F rb iz
F4lE RCS IS5, 2 Hb>138.4 ¢/L B, GDM A
W @ EFE, JHENZER] Hb KSR fE R GDM
DRV ) T EE AR B o PRI , LATZ A5 5 R FORF AT U 4 Hb
KA W2, B Hb <138.4g/L #H il Hh>138.4g/L
. A[F Hb AKELHA OGTT MUBHE K GDM &%
UL 2. Hb>138.4g/L 21 22 A28 v Ji 39 il 4 S

GDM &5 5 T Hh=138.4 o/L 41(P {1 <0.001),

3571
P (552%057) = 0.013
P (F£k{E)=0.396
3.0f
25F
=
S
BN
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>
<
S
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() L P it L L Il
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e (gD

B 1 MLIEAS GDM AR RCS
Figure 1 Restricted cubic spline analysis for the relationship
between Hb and GDM risk

£ 2 Hb ANFEKFLA OGTT MKEE I GDM EIRZR[ 10k, n(%) ]
Table 2 The OGTT glucose values and GDM incidence across Hb—stratified groups []QR, n(%) ]

OGTT(mmol/L)

Hb 734 (g/L)

25 Mt b 1h 1k

GDM
2h [fi b

<138.4(n=7 968) 4.40(4.11,4.71)

7.01(6.00,8.00)

6.35(5.60,7.14) 1 121(14.07)

>138.4(n=1077) 4.45(4.19,4.80) 7.24(6.36,8.40) 6.40(5.64,7.27) 210(19.50)
Gt 431 5.54 4.12 22.29
P{H <0.001 <0.001 <0.001 <0.001

1 OGTT A F1IRBEIH R

25 Hb RFEAMTFE GDM K Jm K6 & Bk
oM B E logistic MIHZER R, 522 R Hb<
138.4 o/L ZHAH I , Hb>138.4 /L 20 GDM Y A& 5 KUK
W 47.9% (OR=1.479,95% CI:1.256 ~1.742,P <
0.001). MAh, Bl F 22 HAFE % (P<0.001) A2 i BMI
(P<0.001) B )™ ki 25 8 I (P<<0.001) | IfiL /MR
TKAF-(P<0.001) | A HE7K V- (P<<0.001) DL B4
K- (P<0.001) g ETF, GDM A % 5 XU I Fiti 22 34
s 2= iA kA GDM B KU w0 7= 13 1) 1.271 £%
(95%CI:1.130 ~ 1.430,P<0.001), A3 4T 8 &5 1fn &

H GDM 1y & Az AU 2 TC U Wi 0 /5 1l 25 1Y) 1.668 £
(95%CI:1.280 ~ 2.173,P<0.001 ).,

TEZ R logistic AN, 5 Hb<138.4¢/L ZHAH
., Hb>138.4¢/L ZH A GDM &9 KU AR 9% B Ge it
PR, MRS OR {H A 1.214 (95%C1:1.021 ~
1.445,P<0.05) . H H i # A {04715 (P<0.001 ) (22 Hif
BMI(P<0.001) . 15 =4 %5 I 1L (P<<0.001) . 141
Hi7K - (P<0.001) A K e 4 e AKF (P<<0.001) (1) I
T+, GDM A XU &3 hn . PRI, IR IR Tl B2
GDM KRB 2 . WLk 3.

F 3 R Hb 5 GDM &R R logistic [PJH 43145 5

Table 3 Logistic regression analysis for the association of GDM with Hb at the first—trimester

. LS ZHE
lg OR {H(95%CI) PIE OR {H(95%CI) P
ERH Hb(g/L)

<1384 1.000(Z: Lt4H) 1.000(Z: Lt4H)

>138.4 1.479(1.256 ~ 1.742) <0.001 1.214(1.021 ~ 1.445) 0.028
BERARIR (%) 1.089(1.069 ~ 1.109) <0.001 1.085(1.062 ~ 1.108) <0.001
FER ()

0 1.000(Z:Lt.41) 1.000(Z:Lt.4H)

=1 1.271(1.130 ~ 1.430) <0.001 0.954(0.833 ~ 1.093) 0.501
BMI(kg/m?) 1.130(1.111 ~ 1.150) <0.001 1.088(1.067 ~ 1.109) <0.001
B A A ALK (mmol/TL) 3.379(2.909 ~ 3.926) <0.001 3.168(2.715 ~ 3.695) <0.001
BRI MR ( x 10771) 1.002(1.001 ~ 1.003) 0.001 1.000(0.999 ~ 1.001) 0.790
UK A AL x 10771) 1.074(1.049 ~ 1.099) <0.001 1.062 1.035 1.090 <0.001
U RER R (mm Hg) 1.025(1.019 ~ 1.031) <0.001 1.013 1.006 1.019 <0.001
S AR L

& 1.000(Z: Lt.41) 1.000(Z:Lk4H)

i 1.668(1.280 ~ 2.173) 0.001 1.046(0.784 ~ 1.395) 0.760
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A AR R, B G R T Hb & gy
B, GDM 1Y XU S 2t T+, JF B, 2 Hb>138.4g/L
B GDM A & g IXURS: Bk 25 T, RIS IS 19 OR=1.214
(95% CI:1.021 ~1.445), B 52 BL4) Hb 7K F H
138.4¢/L. F A I, Hb > 138.4¢/L. % GDM & J5 XU 14
hn21.4%.

Kim 28 19%F 586 [ 10 4 A A 58 45 S 32 01, 4T Uik A
Hb & F 13 g/dL #2230 % 5 GDM B XURS: I8 2 38 i
(OR=1.41,95%CI:1.29 ~ 1.54) , Deng %5 A\t [ K
FililcZ GDM fE: 2 2526 40 B A3 . 22 .1 Hb
FHEJE GDM [ fals 2R o O3 — TR = 9 A
FIBT SIS S B AR = Hb ZKP-38m GDM 119 &
HE XU o Sedigheh S0 GF I 22 AR R B, B IR
ZE K Hb KT 11.90 o/dL, GDM KUK & 2% 14 il (OR=
3.80,95%CI:3.05 ~ 4.74) JAE KR WFFEHGE &5 Hb
K5 GDM KU A G, (H IR BT A 9 S e —
H I EZ U0 Hayashi 551 Akash SF2 B 55 34 &
PRZ3] Hb K5 GDM Z [AIAFEAE SR E . RT3k
TARFSE FEAS B /N, TR SR 25 SR A — S
ATRE SR AFREAR S I K/ NVE . T34, AR
FEAIF T H 3B 28 A LT IR B sl ik i B AR 34
GDM 9 & A= XU 2024, 71 PR 2 K sl Pk ko Hb 1Y &
BRI 3] 3 524 T =K Hb /IS in GDM
(14 A AR o

RCS [FHHE FH THRE A AR 5 AR Z [ AR
LRt Z L AWFSEAEILS RCS [MARERI, Jr kA T
T 4 ilrj"}ﬁ (Ps,Pss,Pas,Pgs)\S 4'147’4)‘5‘\(P5,P27.5,P50»P72.5,P95)
H1 6 5 55 (Ps, Py, Py, Pso, P, Pos) Y RCS 4347 ,GDM &
s ARG EL A e T2 0 Y Hb 850539 F 138 ~ 140
o/ Lo R, AT e 4545 i e /N R 138.4 /L T XS i 1Y
4 75 55 RCS [ JEARAY o PR A 300 1 75 F A 164 K i i
FRRAER, 220 Hb S HEEE S — A A FH.
S A W FEAR 4 7 BEk L i o BoE SR
HbZ>1 9K H i O 22015 Hb /8 i Jost— iy
BRI ABFFE RCS [R1)H & 3R 4 4T Uik 748 Hb 7KF-i%
ZEBan, 5 GDM () G B BT L R Y
Hb>138.4¢/L., GDM By 225 [Tt A58 42 FL
Hb SR, HRIHIUN CDM & a2 dfefit 1
2%,

AHIFFE R FH HTHEE AB 51, AH AT i BA 51
WEGE B e S5k & A 2 WA 08 T I A R
RS ARy, 8 2 AT s RE DT, AT AR Hb 5
GDM Z MR R . BLAk, R RCS [ AR
GRS, VIR T logistic [m] UKL (Y BiREG | SEBF
Zp A Hb W5 GDM & KU 22 18] 56 2 1% AT 4

o[RS A58 A AE— 2 R BR A « B 58 % G AN B
TR R L X, A5 28 A At b DX A AP
FRYIE ; BR Hb Z 4k, HABARA b % GDM &%
A AAE AT 5 B T AR 22 I R R & 2T 15T, Jo ik
A ARE AR AR, Je S5 N RKAE
A HHEGERE, DL —2RuE42 R0 Hb KF7E
GDM &35 T3 v () 4 FH K ek R I AR

S, AT R 2R RN Hb K5 GDM XU
Z AR SR S I P 7s 7E AT R 1 5 BRI Hb, v] A
BT & A GDM XU 14245
Flzs IR RO EATTR 26 ph

S 3k

[1] Sulhariza HZ, Zalilah MS, Geeta A. Maternal hemoglobin change
from early pregnancy to second trimester is associated with risk of
gestational diabetes mellitus: a retrospective cohort study [J]. Front
Nutr, 2023, 10: 1197485.

[2] Sweeting A, Wong J, Murphy HR, et al. A clinical update on
gestational diabetes mellitus [J]. Endocrine Reviews, 2022, 43 (5):
763-793.

[3] WangH, LiN, Chivese T, et al. IDF diabetes Atlas: estimation of
global and regional gestational diabetes mellitus prevalence for 2021
by international association of diabetes in pregnancy study group's
criteria [J]. Diabetes Research and Clinical Practice, 2022, 183:
109050.

[4] Gao CH, Sun X, Lu L, et al. Prevalence of gestational diabetes
mellitus in mainland China: A systematic review and meta—analysis
[J]. Journal of Diabetes Investigation, 2019, 10(1): 154-162.

[5] YeWR, Luo C, Huang J, et al. Gestational diabetes mellitus and
adverse pregnancy outcomes: systematic review and meta—analysis[J].
BM]J (Clinical Research ed.), 2022, 377: e067946.

[ 6] Bonora E, Trombetta M, Dauriz M, et al. Insulin resistance and
beta—cell dysfunction in newly diagnosed type 2 diabetes:
Expression, aggregation and predominance. Verona Newly Diagnosed
Type 2 Diabetes Study 10 [J]. Diabetes—Metabolism: Research and
Reviews, 2022, 38(7): €3558.

[7] Taneera J, Mahgoub E, Qannita R, et al. ( —Thalassemia and
diabetes mellitus: current state and future directions[J]. Horm Metab
Res, 2024, 56(4): 272-278.

[8] Moon DO.NADPH dynamics: linking insulin resistance and B —Cells
ferroptosis in diabetes mellitus[J]. International Journal of Molecular
Sciences, 2023, 25(1): 342.

[9] DengL, Mo MQ, Zhong J, et al. Iron overload induces islet B cell
ferroptosis by activating ASK1/P-P38/CHOP signaling pathway [J].
Peer], 2023, 11: €15206.

[10] Li Y, Wang F, Huang XM, et al. Firsi—trimester hemoglobin,
haptoglobin genotype, and risk of gestational diabetes mellitus in a
retrospective study among Chinese pregnant women [J]. Nutrition &
Diabetes, 2024, 14(1): 48.

[11] Yang X, Wang G, Jiang R, et al. Impact of hemoglobin level on the
association between lipid metabolism and gestational diabetes
mellitus: A retrospective study [J]. Medicine (Baltimore), 2025, 104

(10): e41778.
(F#% 2014 )



- 2014 -

AT EE 2% 2025 4545 52 445 11 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 11

[14]

Nursing Journal of Chinese People’s Liberation Army, 2020, 37(10):
31-34.(In Chinese)

XA 25, B4, 45 . FEF UTAUT #8008 3h ey
W25 AT R RSN Hh BB B, 2022,42(10) : 68-72.
Deng ZP, Li HY, Ge M, et al. Research on users’ behavioral
intention of Mobile medical services based on UTAUT model [J].
Chinese Hospital Management, 2022, 42(10): 68—72.(In Chinese)
R 24 L 2R, TR UTAUT RO 3822 117 B2 A
AR AN EEMSHETY ()], B 52 ,2023,36
(3):131-137.

Du T, Li JY, Li N. Empirical study on the willingness to use remote
consultation among doctors in Yan’an medical alliance based on the

extended UTAUT model [J]. Medicine and Society, 2023, 36 (3):

[16]

[17]

131-137.(In Chinese)
Venkatesh V, Thong JY, Chan FK, et al. Extending the two—stage
information systems continuance model: incorporating UTAUT
predictors and the role of context [J]. Information Systems Journal,
2011, 21(6): 527-555.
RERE, XIHE, TRT, 4. TRIT R RS S B T P RN R
W EEBEFEL]. R, 2024, (7):79-86.
Ying ZW, Liu XY, Zhang Y, et al. Research on the influencing
factors of users’ adoption intention of intelligent guide assistant in
exhibition hall [J]. Information Research, 2024, (7): 79-86. (In
Chinese)

Yofs B #7:2025-01-12

(3% 199 W)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Akash MSH, Noureen S, Rehman K, et al. Investigating the
biochemical association of gestational diabetes mellitus with
dyslipidemia and hemoglobin [J]. Front Med (Lausanne), 2023, 10:
12429309.

Hayashi I, Sakane N, Suganuma A, et al. Association of a pro—
inflammatory diet and gestational diabetes mellitus with maternal
anemia and hemoglobin levels during pregnancy: a prospective
observational case—control study [J]. Nutrition Research, 2023, 115:
38-46.

Sun YX, Guo Y, Xu H, et al. The relationship between arginine
vasopressin  gene polymorphisms and plasma copeptin  and
hypertensive disorders of pregnancy: a nested case—control study[J].
Journal of Hypertension, 2023, 41(4): 608-617.

Cao WH, Wang H, Zhao SM, et al. Long—term risk of overweight in
offspring of Chinese women with gestational diabetes defined by
TADPSG's but not by WHO's criteria [J]. Primary Care Diabetes,
2024, 18(4): 448-457.

Kim HY, Kim J, Noh E, et al. Prepregnancy hemoglobin levels and
gestational diabetes mellitus in pregnancy|J]. Diabetes Research and
Clinical Practice, 2021, 171: 108608.

Xia L, Yang Z, Mu Q, et al. Risk factors for gestational diabetes
mellitus in mainland China: a systematic review and Meta—Analysis
[J]. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy,
2025, 18: 565-581.

Wu K, Ke HH, Gong W, et al. Impact of Pre—Pregnancy hemoglobin
level on the association between Pre—Pregnancy body mass index and

gestational diabetes mellitus: a retrospective cohort study in a single

center in China [J]. Diabetes, Metabolic Syndrome and Obesity:

[19]

[20]

[21]

[22]

[23]

[24]

Targets and Therapy, 2022, 15: 3767-3775.

Sedigheh N, Hajieh S, Javad Z, et al. Hemoglobin at the first visit of
pregnancy and developing gestational diabetes mellitus: Results of a
prospective regisiry cohort study [J]. Clin Nutr ESPEN, 2023, 57:
469-474.

Norouziasl R, Jayedi A, Mirmohammadkhani M, et al. Consumption
of red and processed meat during early pregnancy and risk of
gestational diabetes: a prospective birth cohort study [J]. Scientific
Reports, 2024, 14(1): 5209.

Pascal L, Benski C, Cohen MB. Effects of red meat consumption
during pregnancy. Issues, risks and dietary alternatives [J]. Rev Med
Suisse, 2025, 21(908): 455-459.

Memanus L, Veras K, Faria VS, et al. Effect of increasing red meat
intake on Iron status in adults with normal and suboptimal Iron
status: a systematic literature review and Meta—Analysis of
intervention studies[]J]. Nutrition Reviews, 2025, 14: nuaf016.

Wang C, Lin L, Su RN, et al. Hemoglobin levels during the first
trimester of pregnancy are associated with the risk of gestational
diabetes mellitus, pre—eclampsia and preterm birth in Chinese
women: a retrospective study [J]. BMC Pregnancy and Childbirth,
2018, 18(1): 263.

Si ST, Shen Y, Xin X, et al. Hemoglobin concentration and iron
supplement during pregnancy were associated with an increased risk
of gestational diabetes mellitus[]J]. ] Diabetes, 2021, 13(3): 211-221.
Wu LL, Sun RF, Liu Y, et al. High hemoglobin level is a risk factor
for maternal and fetal outcomes of pregnancy in Chinese women: A
retrospective cohort study [J]. BMC Pregnancy and Childbirth, 2022,
22(1): 290.

Yo#E H A :2024-11-03



