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e A W 77 1A R B L . IR 7 A A G ) IR ML AT 0 o SR B O A B I B Ol ot Y IR R K -, TR L 1.3.6 A
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Association of choline levels in maternal peripheral venous blood and neonatal

umbilical cord blood with early neurobehavioral development in infants
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Abstract:  Objective  To investigate the potential effect of internal choline exposure on early neurobehavioral
development in infants, so as to provide a scientific basis for promoting infants neurobehavioral development. Methods In
this prospective cohort study, singleton full-term pregnant women who delivered at the Affiliated Maternity and Child
Health Care Hospital of Nantong University between December 2023 and October 2024 and their infants were recruited by
convenience sampling. Dietary choline intake in late pregnancy was assessed, and choline levels in maternal blood and cord
blood were measured. Infant neurobehavioral development was evaluated at 1, 3, and 6 months of age using the Bayley
Scales of Infant Development Revised in Chinese Cities (BSID-CR). Spearman’s rank correlation was used to analyze the
correlations between dietary choline intake and choline levels in maternal and cord blood. Generalized estimating equations
were used to examine the associations between maternal/cord blood choline levels and infant neurobehavioral development.
Results A total of 159 mother-infant pairs were included. Energy-adjusted dietary choline intake was positively
correlated with maternal blood choline levels (r,=0.300, P<C0.001). The choline content in maternal blood was 2. 84
(2.21, 3.98) mmol/L. After dichotomization by the median, infants in the higher maternal blood choline group had higher
mental raw scores and mental development index at 3 months of age than those in the lower group (Wald y* =4.571,
4.622, P<C0.05). The choline content in cord blood was assayed at 1. 35 (1. 01, 1. 96) mmol/L. After dichotomization by
the median, infants in the higher cord blood choline group had higher mental raw scores at 1 month of age than those in the

lower group (Wald X2 =3.979, P=10.046). Conclusions Higher maternal blood choline levels are associated with
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cognitive development in infants at 3 months of age, whereas cord blood choline levels are associated with cognitive

development in infants at 1 month of age. Attention should be paid to dietary choline intake during pregnancy and to infant

neurobehavioral development, so as to promote maternal and child health.
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Tab. 1 Composition of the gradient elution mobile

phase used for serum choline content determination

I 8] (min) Wi A O WA B (00
0. 00 5.0 95.0
0. 50 5.0 95.0
5.00 14.0 86.0
5.50 60. 0 40.0
6.00 60. 0 40.0
6. 50 5.0 95.0
10. 00 5.0 95.0

1.3.3  JRig & it H R W 55 2 R Celectron
spray lonization, ESD , B FHiZ H &~ 5 500V ; IE
BT £ & K A 3L (multiple reaction monito-
ring, MRMD) @£ 77 2, & 1 43 4 19 25 X% 2 1
fi% 103.8/60. 2. 4 i (5 [8] 4 100ms. filf & A8 &
22eV, KW E R 90V Whr d9-F AL IHBK 112. 8/
69. 2, AR HF RIS 100ms , il 48 (& &y 24eV, iy
JE A 100V,

1.3.4  WAIABCH  IEBER T 2R 20 i VI ) - RS
FRIC 0. 014g S A IE B A5 1 & o 75 T 88 27K v S A
20mmol/ L i JE G b5 1 Af % W Sml, —20°C A7 &
FH o G I P 20 ¥ A 5 WRY LE M B & 0. 05,
0.10,0.50.,1.00,5. 00,10. 00zzmol /L f) JIEL B i £ i
LTAEW . NFRIIC ] < K5 % PRI 0. 007 4g d9-54 1k
JEFEAR I o 3 TR 2K, BE A 10mmol /L i IH 5%
PR & W SmL, — 20°C ¥R A7 45 H o A I o i 2%
WH C R R 22 100nmol /L,

L.3.5 FEAALEE  HC 20pL AR WU 3 A A A
080uLL H: K B B 50 £+ B 104 L B 1L 3% sl b
HESIE O A 90 L 28 (T VE W (HP 3 100nmol /L d9-
FACHRBE R ) s LLES O 242 92mm 13 000g 5.0
10min(Thermo biofuge stratos & # &% &0 HL) .
W ER R BB A ShFE R D 4 C ORI R
1.3.6 fprifedhe S 2eteii il Bpr i dth £ 29 T
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P JIELBRE P 9 2 Ay A8 A A L R AT AR [T U (R R 4
N1/ e) ARG 8] )4 7 FE Ay =0. 891x+0. 051 6
(RMERELr=0.999), W 1. JHEEANRILE 2,

— 20240830 maternal blood.rdb (choline-1):"Linear"Regression
("1/x"weighting):y=0.891 x+0.051 6(r=0.999)
9.0
8.0
7.0
6.0
5.0
4.0
.3.0
2.0
1.0

00 1 1 1 1 1 1 1 1
1.0 20 30 40 50 60 7.0 80 9.0 10.0

Analyte Conc/IS Cone
B 1 S E e e 5 AR

Fig. 1 Regression equation diagram for choline quantification
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Tab. 2 Choline internal standard

o WEE MR (d9-SUR TR JIEL i H%ﬂﬁi/
(pmol/L) 112.8/69.2) (103.8/60.2)  HWER(Y%)
BQ1 0. 05 3673 412. 10 320 262. 03 0. 04
BQ2 0. 10 2 485 187.92 375 148. 94 0.11
BQ3 0. 50 2 919 927. 45 1 636 556. 66 0.57
BQ4 1. 00 2 068 931. 61 1 900 435. 04 0.97
BQ5 5. 00 2128 362.17 9 096 439. 37 4. 74
BQ6 10. 00 2 261 932.33 20 705 055. 62 10. 22

1.4 %tk SR SPSS 27. 0 #4F4Hi 8k
HIEBM B A B o s #on L ARIES A
M (Pys s Pr) s i BRI BIEL (V) R, R
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B - MBERE X HEARYE, XA
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I AR R & it AH G M, JF SR B GraphPad Prism
10. 4. 0 IS B, % 1.3.6 A @3 )LM & 17N
BB A0 RO L R T SO O R AT 4 1R
ERIE, P<0.05 NESFAGIT¥EX.

2 # R

2.1 —@AwF TN R ILGA
159 X BEBLHEAT 0 Ao 77 10— M BORE B 2R LA 1%
ORI BE BB VT TSR UL 3~4,

2.2 MERMEBBANEL LA FhfemkF (i
P S M RE & IR B B A B O 358. 60 (1347. 00,
371. 00)mg/d, 52 5 A6 I & 1L 1 37 JE 68 7K F- 2 2. 84
(2.21,3.98) mmol/L, Jif IfiL ifi. & A 5% 7K F- K 1. 35
(1. 01,1. 96)mmol/L. J§& & IHGEE A & 5 Bk ifil JJH 55
IR 51 A G (r, = 0. 300, P<C0. 001) , 5 % 1fiL 10 5
IKETE A et (r, = —0. 087, P=0. 277) , £ It JIH i
K5 5 1 AR AR Kt JE A 56 M (r, = — 0. 038, P=
0.638), WA 2,
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Tab. 3 General information of postpartum women and

delivery information of newborns

mH B
ESAGEED) <30 82(51.57)
=30 77(48. 43)
JE A3 b A kF 55(34.59)
I 104(65.41)
AR g LY 29(18. 24)
KL KU 130(81.76)
FREAYIAWRAGD <5 000 61(38.37)
5 000~10 000 82(51.57)
=10 000 16(10. 06)
ZE 0 T AR H 86(54. 09)
X 73(45.91)
ZR 1 79(49. 68)
2 40(25.16)
>3 40(25.16)
i/ w 100(62. 89)
Z 5 59(37.11)
ANRZ= H 58(36. 48)
Jc 101(63.52)
Z i BMI(kg/m?) <18.5 16(10. 06)
18.5~23.9 96(60. 38)
>23.9 47(29. 56)

Z IR TN (kg M (Pa5 . Pr5) ] 15.00 (12.00, 17.00)
24 fik — f 8(5.03)
Je 151(94. 97)
B4R (RO 0 31(19.50)
1 38(23.90)
2 56(35. 22)
>3 34(21. 38)

Zp R S [ M (Pos » Prs) |
Z AR I 53 (M (P25, Prs) ]
Z B R HI T 43 (M (P Pys) ]
Z A WG AR (M (Pos s Prs) ]
S ELE M (Pys  Prs) ]

4.00 (3.00, 5.00)

2.00 (1.00, 3.00)

5.00 (4.00, 7.00)
33.00 (0.00, 51.00)
39.00 (39.00, 40.00)

43675 =X [ 32 3 U 80(50. 31)
HlE 79(49. 69)
i R T H 19(11. 95)
i 140(88. 05)
BV SEE el 14(8. 81)
¥ 145(91. 19)
B L 5 74(46.54)
I 85(53. 46)
AR & (kg x £ 5) 3.44+0. 36
Jife s Be 3 H 41(25.79)
X 118(74. 21)

TE A R 7 0 A 55 R A A e B TR A TR BT 7 L U S L A R
N LWL R LA & S A o S0 A R a5 9 R AR SRR L AR
I o ) B R R LBk R A2 S A R DHA.,

2.3 HhfemKkFESBILAEATARET Ak
BEBE K SF v A ROKE BE B A O AL QL 4 (<
2. 84mmol) fil Q2 20 (>2. 84mmol/L), 4 2 L&
JIHLAY B Sy MDI FI PDI 284 88 2% 5 B 50
TR L (P>>0.05) .3 Hint, Q2 4 2 LE J1 51
5 MDI 8%/ T Q1 41 (P<C0.05) . {0 HAb A # Y

2 A AR 22 S gt eE B L (P>0.05), WLk 5,
2.4 Froffesok-FEEILAYZITARE KM
JEBK K P b AL B BB A I QL (<
1. 35mmol/L) fil Q2 4 (>1. 35mmol/L)., P42
JLE Sk 4y 38 Bk 4y W MDI 1 PDI A8 4k e, 2% 5
TG it E L (P>>0.05),1 H#n, Q2 42 ILE 5
A 25 T Q1 4 (P=0.046) , {H H fth 7 #5940
] Fe 35 22 S T Ge 12 3 L(P>>0.05), W3 6,

3 & i

3.1 BREBBEANTLFL FhlEmKE Y
rh i AR 22 T Ak W e AR Ak ACRE 4R TG L FR
TR P A B T 5 B B RE O A B . 3 AR RE A
NG B ARG T B R A L e R S Ak R
i 25 AR B A8 v 094 a0V G IRUBR K SF- RT R e i L e N
B FORAE ACEHE PE AR K R BRI K
B 15 £ AR 45 A £ 5 B 1t AR B K T S DE A 56 G =
0. 300, P<C0.001) , 5 5 it AHL A 7K S J6 AR 56 4 (P>
0. 05) , 1 B 1fiL 55 B i A B 7K SF- 3 I8 A6 OC #: (P>
0.05), Staskova 2020 % ¥ & £ JIH 5% 3% A & 5 & i
JIELBRE, 5 e T AR OGPk L 3% AT B8 5 I v IE AR OK 7 32 4k &
NE 2R RKEE R Z N 2 AL st % & 5%
WA G, o5 AP U 5 5 AR A 58 — B, ¥ R & BB
L5 5 i, JE A K S AE SE L (T A G 5T R
b T A AR A R 5 R ot A ot A e K S %) AH 6 1
15— 5T

3.2 HhfEmKkTFEFRAZITARLET AR
8735 o BE AL 100 JB G K P A2 %0k 2. 84mmol /L, 5
3 AWBILE Ji kA K, Shaw & & B 80 {3
2B B (neural tube defect, NTD) Jig JL 22 {3 19 1fiL.
T M BE 7K - (2. 77 mmol/L) W Z K T 409 i i JL 4t
JHE 40 (2. 98 mmol /L) 2 IH , 3¢ B & 7K - A 6 7T fE 2
W i )L & A= NTD By {47 K % . Signore 51 7E
Zi ) 22 A~ Bt [) RGO T Bt i 55 AR K R . S5 R R
715 B 7K S 7R 24 36 ~38 A 1k 2 F% 5 (2. 75mmol /L) ,
{45 BsF ) A B9 I 9 REL B K P 55 5 % L Y R R L A
b2 () b BRAE 1 AL AZ S ¥R R H A O L X AT
fie S ATEOR B 2N BRI = 4 XA L 24t
IS S S KNI 85 G R RO R A
P E" . Staskova FEPURIN T 948 444 28 JH 2
B 1 1 35 AR AR 7K S (3. 25mmol /L) 45 B i 5 T A
WEEE . H T, 0 I8 0 T 22 10 B 1l il 3 0 B K O 1 2
R s R RATY T HE — 25 AT IE B i i AR e K P
HAMAIT H R T IR R IFLE G 25 i H g Tl
T AR 2 CIfiL 35 . i % DL B 22 FBR B AL A ) 1

5 urﬂm—zej .
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Tab. 4 Maternal and infant follow-up data at 6 months postpartum (n, %)

B} %L i 1 9% B} a1 1A Pl 3AH P 6 A~ H
2L
ES e IN AR 134 (84.28) 132(83.02) 102(64. 15)
(M) A+ 8 (5.03) 23 (14.47) 52 (32.71)
PR R =R ] 17 (10. 69) 4 (2.51) 5 (3.14)
H TR H 13 (8.18) 15 (9. 43) 87 (54.72)
I 146 (91.82) 144 (90.57) 72 (45.28)
M55 7 = 4l RR 7L R IR 79 (49.69) 68 (42.77) 53 (33.33)
B 54 (33.96) 41 (25.79) 36 (22.64)
NEN: S 26 (16.35) 50 (31.44) 70 (44.03)
¢ i " 144 (90.57) 115 (72.33) 86 (54.09)
¥ 15 (9. 43) 44 (27.67) 73 (45.91)
Wbk Y £ H 115 (72.33) 82 (51.57) 58 (36.48)
I 44 (27.67) 77 (48.43) 101 (63.52)
W SR 2 H 133 (83.65) 82 (51.57) 16 (10.06)
¥ 26 (16.35) 77 (48.43) 143 (89.94)
FANE Bl H 70 (44.03) 138 (86.79) 136 (85.53)
Jc 89 (55.97) 21 (13.21) 23 (14.47)
24h BEAR S Chy, M (Pys, Prs) ] 16. 50 (15.50, 17.00) 14.50 (13.00, 15.00) 12.50 (11.50, 13.00)
I I ) A0 H 78 (49.06) 57 (35.85) 17 (10.69)
I 81 (50. 94) 102 (64.15) 142 (89.31)
Vi =|
IR PE4r[M (P25, Prs) ] 5.00 (3.00, 6.00) 4.00 (3.00, 6.00) 4.00 (3.00, 5.00)
LRI M (Pys, Prs) ] 5.00 (4.00, 6.00) 4.00 (3.00, 5.00) 3.00 (2.00, 4.00)
MABIEF M (Pas, Prs) ] 1. 00 (1. 00, 2.00) 1. 00 (1. 00, 2.00) 1. 00 (1. 00, 1.00)
A B @
10 10 12 =
r=0.300 .. r=-0.087 . r=-0.038
g sl . J P<0.001 g sk * P=0.277 E 10 P=0.638
S . S S ¢
= 15 - o .
4 & .. ¢ .
4 4 i & :
= = % e = 4r o ° on = 4
) ) ) ) , ) . i .II a"tl .‘, .:. - ;
250 300 350 400 450 500 250 300 350 400 450 500 00 2 4 6 8 10
JHE £ I 564, 15 A (meg/dl) TR £ I 864 45 A (mg/d) EE I fIH i 75 % (mmol/L)

2 T MRGR AR A dt5  a JB a JE R f AE OC 1R R 1

Fig. 2 Scatterplots of the correlations between dietary choline intake and maternal/cord blood choline levels

F 5 BRIMARTE K421 %)L BSID-CR 5 40 LB By 7 SUAE T 2L M(Pys , Prs) ]
Tab. 5 Generalized estimation equations for comparing BSID-CR scores of infants grouped by

maternal blood choline content [ M(Ps; , P75) |

Wi H B 11 A A 2K S A7 80541 (mmol /L) % 1E A B IE &

) Q14 Q24 Waldy® fii Pl Waldy® fii P i

2 M4y 0.912 0. 340 0.478 0. 489
1 A# 17.00 (17.00, 20.00) 17.00 (17. 00, 20.00) 0. 005 0. 941 0.128 0.721

3 A 40.00 (39.00, 41.00) 40. 00 (40. 00, 42.00) 7.020 0. 008 1.571 0.033

6 A i 76.50 (76.00, 79.00) 78.00 (76.00, 80.00) 0.115 0. 734 0. 067 0.796
iz B 4 1. 468 0. 226 0. 336 0. 562
1 Hi 10. 00 (10.00, 10.75) 10. 00 (10.00, 11.00) 3.568 0. 059 2.071 0. 150

3 Ak 16. 00 (15.00, 16.00) 16.00 (16.00, 17.00) 4. 645 0.031 1. 364 0.243

6 H it 31. 00 (30.00, 32.00) 31. 00 (30.00, 32.00) 0. 061 0. 805 0. 361 0.548
MDI 1. 457 0.227 0. 942 0.332
3 A 115.00 (112.00, 118.00) 115. 00 (113.00, 122.00) 6. 960 0. 008 1. 622 0.032

6 Hit 114.00 (112.00, 120.00) 116.00 (112.00, 123.00) 0.079 0.779 0.014 0. 904
PDI 0.529 0. 467 <0.001 0. 992
3 A 118.00 (111.00, 118.00) 118.00 (112.00, 119.00) 3. 166 0. 075 0. 987 0. 320

6 A i 117.00 (110. 00, 118.00) 117.00 (109. 00, 118.00) 0.159 0. 690 0. 859 0. 354

T AR V2R U U 2 O i — T 2 S0 B MR 3 AR A3 B A LA L AR R B L A SR N VMR IR O LB U L AR S
) 240 BEHRE IS 7R BE BT Sy AR AR D B BEALIE
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Tab. 6 Generalized estimation equations for comparing BSID-CR scores of infants grouped by cord blood choline content
SiH JBF i JIEL Bk 7% £ v 43 £ 4 (mmol /L) K IE T KRG

Ql 4l Q2 Waldy” fii P fii Waldy” ffi P fii

ESAR R 2. 394 0.122 2. 893 0.089

1 Ak 17.00 (17.00, 19.00) 18. 00 (17.00, 20.00) 4. 362 0. 037 3.979 0. 046

3 W 40. 00 (40.00, 41.00) 40. 00 (39.75, 42.00) 0.103 0. 749 0. 337 0.562

6 H % 76.00 (74.00, 79.00) 78.00 (76.00, 80.00) 1.125 0. 289 1. 290 0. 256

iz Zh L4 0. 104 0. 747 0.091 0.762

1 Hik 10. 00 (10. 00, 11.00) 10. 00 (10.00, 11.00) 0. 004 0. 950 0. 002 0. 966

3 AW 16.00 (15.00, 17.00) 16.00 (15.75, 17.00) 1. 284 0. 257 1. 505 0. 220

6 H i 31. 00 (30.00, 32.00) 31. 00 (30.00, 32.00) 0.003 0. 957 0.035 0. 852

MDI 0.952 0. 329 2.012 0. 156

3 A 115.00 (113.00, 118.00) 115.00 (112.75, 122.00) 0.114 0.736 0.705 0. 401

6 At 113. 00 (108. 00, 120.00) 118. 00 (112.00, 123.00) 1.179 0. 277 1. 926 0.165

PDI 0. 390 0.532 0.428 0.513

3 H ik 118.00 (111.00, 119.00) 118.00 (111.75, 119.00) 1. 156 0. 282 1. 329 0. 249

6 At 117.00 (109. 50, 118.00) 117.00 (109. 75, 118.00) 0. 002 0.963 <20. 001 0. 997

VE BRI 2RO U 2 i — T 2 S B MR 3 AR A3 R A LA S A R R B L R SR RS O ALK U L P AR

By 240 B IR SR 7 i I IR AT 0 AR BT 23 4F R B AR B AL OE

3.3 Brfesmok-FhFRAVZATALET AU
7 JBF AL it i AR 8K P R 2 B 1. 35mmol /L, 24
REEIMKER /2, 2 m 1 AR BILE kR,
Shanmuganathan £ XF 104 (51 22 W 1 BF 1l 0 5% 1
IR Fh A8 AEB Ab 5 & ek E A A D L & B A L v 9
B KK - (49. 9pemol /L) 24 Sy B 1l (12. 9pmol/L)
(3.9 f5, 3% Bk & i (30. 2pmol/L) 29 2 & il
(16. 6pmol/ID 1 1.8 fi5. 53 —®F 5 4R 17 il
FBE I LA AR AR K -5 5 % JLER T HR, KM
22 0 93 B 1t B B 7K P b 2 8 2. 75mmol/ L, i I
F A 1 dmmol/L, 2 BRI KF-HY 1/2, 5AHESR
— 3, SR A5 T R & B i BE oK S 5 L
BOAEAEORTE . F U AT UL B I AR R KO 5 AR
ZAT R E MR R AT RN K H K B A7
HEHRE L
3.4 HR&GHFE AR BT TR AL B
1 BB 7K T B 4 3 A A0 o AS B 8 A T M A A T
AN [ B B IH B K - A AR o 6 5 B % WURS HE . SR
M s F T 40 6k BsF ) A Bt AL o 066 = %) A A e 1 A
K BEVT I RIRA P BOREAS £ A R L 543 7T BE A7 7E 11
PRV 25 SRl o i 05 I ORI & LR A [6] By
BORmK 5 T 247 9 R F 1 OCEK

AHETE LA 11 R HOE A L o F 98 6 4 4R
N5 G KV 5 TR AEIT IR EN LR, K
BB il A 587K - 24 Sk 5 i R K SF 69 2 A L B il JE
TS5 me 3 ] 0 B L T A J i i B B 7K S
51 A SEIUE TR RO . I8 X 4277 1
JIE B £5 A B0 R SR L AR 2247 R R B AR B TTAS A
I 1 8 3R R T WUT SR e R B

FUSEMRAE A SCORETE A £ R

HEWAEER AMREELITTSSENDSAGL @
R OLAF U N A . TR B b PR B AR IR T £
OB DR PR B A N % L B 4% Al Ak B L L AR B Y
B oS A | K AR S B 1 UK R o U1 VR /A o ]
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