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[ Abstract | Objective To evaluate the associations between early-pregnancy whole blood concentrations of lead (Pb),copper (Cu),
zinc (Zn) ,calcium (Ca) ,magnesium (Mg),and iron (Fe) and the risk of gestational diabetes mellitus (GDM) using both single-

6 .
" weeks of gestation were

metal and mixture-based analytical approaches. Methods A total of 191 pregnant women at 10-12
recruited from the Longhua District Maternal and Child Health Hospital in Shenzhen between June and October 2023. Blood
samples were collected at 10-127° weeks of gestation, and metal concentrations were measured using atomic absorption
spectrometry. GDM was diagnosed by a 75 g oral glucose tolerance test (OGTT) at 24-28 weeks of gestation. Multivariable logistic
regression was applied to assess associations between individual metals and GDM risk, and Bayesian kernel machine regression
(BKMR) was used to evaluate the effects of metal mixture exposure. Results Among the 191 participants, 79 (41.4%) were
diagnosed with GDM. Blood Zn concentrations were significantly higher in the GDM group than in the non-GDM group (Z= —2. 086,
P =0.038). After multivariable adjustment, higher Zn levels were positively associated with GDM risk (OR =1. 975,95%CI :

1. 036-3. 766). BKMR analysis suggested an overall positive association between metal mixture exposure and GDM risk, with Zn

showing a robust positive association and Cu exhibiting an inverse association. Conclusion Early pregnancy exposure to whole-blood
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metal mixture exposure was associated with GDM risk. Zn demonstrated a consistent positive association across multiple models,

whereas Cu may have a protective effect.

[Key words] early pregnancy;gestational diabetes mellitus;metal exposure;zinc; BKMR
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Fig. 1 Flowchart of study participant selection
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Table 1 Comparison of maternal baseline characteristics between the GDM and control groups [n( %) ]
i B (=191 GDM 4 (n=79) IR (n=112) X*/z P
FEIAR R () 0.183 0. 669
<35 148(77.5) 60(40.5) 88(59.5)
=35 43(22.7) 19(44.2) 24(55. 8)
PR G 0.158 0. 691
DU 186(97. 4) 76(40. 9) 110¢(59. 1
HoAil B R 5(2.6) 3(60.0) 2(40.0)
PIEZHERY —1.312 0. 190
= & BT 20(10. 5) 9(45. 0) 11(55.0)
PN N 145(75.9) 57(39.3) 88(60.7)
oA 26(13.6) 13(50.0) 13(50. 0)
PR 0.223 0. 637
R 51 189(99. 0) 79(41.8) 110(58. 2)
oAl 2(1.0) 0€0.0) 2(100.0)
T BMICkg/m”) 2. 287 0.130
<24 157(82.2) 61(38.9) 96(61. 1)
=24 34(17. 8) 18(52.9) 16(47. 1)
IR 0.012 0.911
¥ 1A 71(37.2) 29(40. 8) 42(59.2)
271 120(62. 8) 50(41.7) 70(58. 3)
ZE 0 SR Al AR 0.641 0.423
B2 71(37.2) 32(45.1) 39(54.9)
7 120(62. 8) 47(39. 2) 73(60. 8)
ZE 3 S R W Y 0.094 0. 759
2= 116(60.7) 49(42. 2) 67(57.8)
& 75(39. 3) 30(40. 0) 45(60.0)
x2 FAZNEEKERSH(MP,; P
Table 2 Concentrations and distribution of metals in maternal whole blood [M(P,; s P ;)]
£ BB (=191 GDM 41 (n=79) X B (n=112) zZ P
Pb(pg/dL) 0.90(0.70,1.10) 0.90€0.70,1.10) 0.90(0.70,1.10) —0.724  0.470
Cu(pg/dL) 118. 62(105. 93,132. 75) 117.27(107. 68,119. 26) 119. 26(105. 87,138. 26) 0.914  0.362
Zn(pg/dL) 550. 00(510. 00,600. 00) 560. 00(520. 00,610. 00) 540. 00(510. 00,580. 00) —2.086  0.038
Ca(pg/dL) 6 300.00(6 120. 00,6 520. 00) 6 250.00(6 050. 00,6 540. 00) 6 310.00(6 140.00,6 515.00) 1.198  0.232
Mg(pg/dL) 3 690. 00(3 470. 00,3 940. 00) 3 650. 00(3 450. 00,3 940. 00) 3 690.00(3 480. 00,3 925.00) —0.709  0.479
Fe(pg/dL)  45150.00(42 340. 00,47 440.00) 45 236.00(42 980. 00,47 080.00) 45 025.00(42 295.00,47 665.00)  —1.142  0.255
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% 3 Logistic AN ME—EES GDM KK Bk

Table 3 Associations of individual metals with GDM assessed by binary logistic regression

&)& ! % B 1 P B 2 P

Pb iR e 21 117 1 0.532 1 0. 845
1o e B 2 73 0. 868(0.558~1.352) 1. 0860, 554~2.056)

Cu iR e 21 93 1 0. 095 1 0.351
o e B 2 97 0.695(0. 453~1. 065) 0. 774(0. 400~1. 385)

Zn i B2 21 99 1 0.001" 1 0.039"
1o T B 4 91 2.064(1,337~3.186) 1.975(1. 036~3. 766)

Ca iRk e 21 96 1 0.222 1 0.615
1o e B 2 94 0.766(0.498~1.176) 0. 850(0. 451~1. 603)

Mg IV ¥ 41 90 1 0.007" 1 0. 089
1o e B 4 100 0.493(0. 294~0. 828) 0.509(0. 234~1.107)

Fe I vk B2 41 92 1 0. 085 1 0.228
1o e B 2 98 1.566(0. 940~2. 607) 1.591(0. 748~3. 386)

TE AR 1 S oR VA R B 1 AR, L OR (B (95 %0 B A5 X)) 3R s B8 2 7EREAY 1 A9 HE Al bR 2 T Z2 Q4R 0% L IR 2 20F 1 B L IBLID 22 i
BMIL ™ Y 20 300 51 52 15 4ol 8 e 22300 S R B R S b AR 2

*X4 BKMRITHELERAEEEN GDM HIZEIN

Table 4 Association between metal mixture exposure and GDM analyzed using the BKMR model

£ il 21 5 PIP 21 PIP o] | 21 3 PIP 41 PIP
Pb 1 0.576 0. 356 Ca 2 0.741 0.182
Cu 1 0. 659 0. 644 Mg 2 0.741 0.175
Zn 2 0.770 0.394 Fe 2 0.741 0. 249

>
w

Mg- E .
- 0.2- Fe- :
% + * T; c E Suantile
© 0.0- b dolf iy e ae e 0 T [ [ [ TTCa e S E— 025
E + * -+ .§ ) _ $ 0.50
¢ * 8Zn- — ¢ 075
=-0.2- m 5 :
g Cu- o—
5 R
~0.4- Pb- —e
0.35 0.50 0.75 0.1 0. 0.1
C Quantile of blood metals D Estimate
h (exposurel | quantiles of exposure2)
Pb Cu Zin .. Ca Cu Fe Mg Pb Zn
0.4- ) - s/ o
0.0~ | 1 / Fii=< G Fe g , ol
~0.4-
2 g & : \ 'y I = Quantile
£ - - Mg E i | =01
k& B oS o : ’ < —0s5
M 0.4 I =09
0.0 I | E H ot ‘ J | =
0.4 die=E o t¢ 3
O 3 6 6 06 3 696 06 3 6 9 0369 0369 0369 0369 0369 0369
In (concentrations) Exposurel

7 : Overall mixture effect: BRI A %0 ; Quantile of blood metals: Ifil ¥ 43 J& 43 7 1 ; Blood metals: [fil #& 4 J& ; Estimate: £ i1 {4 ;
Quantile: 73 i 4 ; In (concentrations) : ¥ & X ${H ; h Cexposurel | quantiles of exposure2) : & 207 b4 h (R 1 | B8 2 /3
$0 ; Exposurel ; %255 1,

E 2 BKMRZ#H&€BEEHEEXN GDM K
Fig. 2 Association between metal mixture exposure and GDM evaluated by BKMR analysis
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Fh i ) 2 BUM AR-AP R0 . A — S R TR i A 1 BA B AF
FEHPPIREE R B Cu 5 GDM KU IE A%, 3 4>
meta 43 BT AN $E 7% Zn 5 GDM B 6 RAETE AR — 3K
P, — I R Zn BB Z B0 T GDM i &
SRS S AEATS A i B BA B UE BH &5 Zn %2 88 3% in GDM &
ARV, a2 S AT RE R T Y b BT A W R
AR I M PR R B Sk ) L SRR IR T L R T
ARG LA B 34 355 5% 58 /K F B AN T

Az 2 ML HIIE 8 52 R AR B 5T & B & #PE . Cu
2 AR AR T (Cu/ Zn-SOD) 25477 48 Ak il 11 7 52
R P 7R AR B R PN A R Y Cu ZKOF- AT 3 i B S fk
BE 7 P97 I 5 B 40 A T RE T i 3 e 0 36 MRS
Zn TEJE 5 256 B A AR B oy b ok AR rh HoAy E AR
FH AR & 0 Zo KERTRE T4 Cu/Zn RS B TR
7 S I B R T B B B 4 e Dy B . DA T X 2 B
R = A AN F B m . Bk, AW 5T W B Zn-
GDM IEMSC KR, ] B W /2 Zn HH G AR 13 2k i
ARAS AR B — 4 T R R 1 LN

T 352 L AR 9E R A BKMR A5 70 X6 2 . 4]
LG B IR A B AN AT T AR R A M
O SR 52 AR T 1% G0 5 — 2 514 , BKMR
REMEAE AT KM R FTHE N, W o) 5 18 2 5 i
Z IR AR Sk G FR B e 28 TAE T AN Oy B A 52
R BT A% i B SR A R e £ B Wk, A
BKMR 701 iR & 4 J8 2 58 A Bh T 19 58 108 10 Fa {g
PE IR R BB R RN E 2. R BKMR
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TR IR G 4R R ER 5 A IR IR R A A X
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